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UNITED STATES CIVIL-SERVICE EXAMINATION 


The United States Civil-Service Commission announces the following open com- 
petitive examination for Physicist. 

Applications must be on file with the United States Civil-Service Commission, 
Washington, D. C., not later than August 30th. 

‘The examination is to fill a vacancy in the Bureau of Chemistry and Soils, Depart- 
ment of Agriculture, at Berkeley, Calif., and other vacancies as they occur. 

The entrance salary is $3800 a year. Higher salaried positions are filled through 
promotion. 

Competitors will not be required to report for examination at any place, but will 
be rated on their education and experience and upon publications, reports, or thesis 
filed with the application. 

Optional subjects are atomic structure, photochemistry synthesis applied to organic 
nitrogen compounds, and quantum theory. 

‘Full information may be obtained from the United States Civil-Service Commission, 
Washington, D. C., or the secretary of the board of United States civil-service ex- 
aminers at the post-office or customhouse in any city. 


Fish Oil Used to Make Insect Poisons Stick. Insult is added to injury in the 
newest trick devised by Department of Agriculture scientists in their warfare against 
insect pests. Fish oil, never noted for its fragrance, is recommended by Clifford E. 
Hood of the Bureau of Entomology, as an addition to the arsenic solutions sprayed on 
trees and bushes to protect them from the ravages of gypsy and brown-tail moth cater- 
pillars. The oil is not expected to discourage the pests by its smell, however, it is 
highly unlikely that the caterpillars even know that it is there. Mr. Hood has found 
in his experiments that various oils used in paints will help to hold the dried drops of 
the poison sprays on the leaves much longer, and that after a summer of rains a consider- 
able percentage of the arsenic will still be there, ready to do business with any cater- 
pillar foolish enough to chew up the leaf to which it adheres. Linseed oil is even more 
efficient in this way than is fish oil, but it costs so much more that the fish oil is recom- 
mended as the economic happy mean.— Science Service 

Auto Gas Menace on Increase. Deaths due to the inhaling of carbon monoxide 
gas from automobiles run in closed garages are on the increase according to a report by 
Dr. William D. McNally, toxicologist of the Cook County Coroner’s Office, Chicago, to 
appear in an early issue of the Archives of Pathology. During the last six years 63 
deaths have occurred in Chicago alone and hundreds of others have been reported 
from other parts of the country. 

As little as two-tenths of one per cent of carbon monoxide in the air is dangerous 
to inhale and experiments by Dr. McNally show that a concentration of two per cent, 
more than ten times as much as the dangerous quantity, can be easily obtained in a 
closed garage with the motor running. 

Treatment of carbon monoxide poisoning consists of removing the patient to the 
open air at once and causing him to breathe pure oxygen or oxygen mixed with 5 per 
cent carbon dioxide. 

But Dr. McNally declares that such poisonings and deaths are “absolutely pre- 
ventable by having adequate ventilation with doors and windows wide open when 
working on car with motor running, or having the exhaust pipe connected to an outside 
vent.’’— Science Service 
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EDITOR’S OUTLOOK 


R. HARVEY W. WILEY is universally known as the Father of 

the Pure Food Law. During the period of nearly thirty years in 

which he occupied the post of chief of the Bureau of Chemistry he and 

Dr. Wiley his associates devised methods of analysis for all the 

common food-stuffs and their adulterants. He edu- 

cated the public to the necessity of pure food legislation, drafted the 

pure food law and led in its enforcement. 

Dr. Wiley is also credited with having been instrumental in the estab- 

lishment of the beet sugar industry in this country and in introducing 
chemical methods of control in the cane sugar industry. 


INCE Huxley’s day much has been said and written about science 
as an element in liberal education, and probably at no time in 
the intervening period has the subject compelled more attention than 
it is receiving today. Particularly is this true in the 

The New 
Chemistry field of chemical education. One may confidently ex- 
pect when dealing with abstractions that the final word 
will always remain unsaid, but the matter is still further complicated in 
this instance by reason of the fact that we have been shooting at a run- 
ning target. Science and education have both altered in aspect since 

Huxley’s time. 

In a measure the present interest in science as culture is but a reflection 
or a phase of the broader preoccupation with education in general. One 
has only to note the contents of the more serious of the popular contem- 
porary periodicals to be convinced that the subject is one of wide appeal. 
The general tone of the comment both from within and without the 
educational ranks is not pessimistic but it 7s critical—often sharply so. 
Even among those who defend the educational system there is frequently 
a disposition to lament the quality of the raw material which is nowadays 
submitted to its processes. No doubt these latter have some truth on 
their side, yet they are not altogether guiltless of that peculiarity with 
which Mr. Chesterton once charged Mr. Shaw. When the diet and the 
baby fail to agree they call for another baby. 

It is true that our educational institutions are swamped with appli- 
cants for admission and it is also true that many of these applicants are 
of a type with which we had not been accustomed to deal. It is alleged 
in some quarters that fully half of the students in our institutions of 
higher learning are utterly incapable of profiting by the instruction they 
receive there, the implication being that these goats in the educational 
flock should be kicked out and put at useful work. ‘This charge, how- 
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ever, proves to be rather a two-edged affair, for one is moved to inquire 
what ails a system of so little adaptability that it proves ineffective in 
fifty per cent of the cases which come under its influence. The query 
may be phrased in terms of the function of the educational institution. 
Is the student made for the institution or the institution for the student? 
In other words, is the college or university a factory designed for the 
fabrication of a. certain product and hence justified in refusing to work 
with raw material unsuitable for the making of that product or is it a 
social agency which should aim to do what it can for all who appeal to it? 

Strangely enough there is something very reasonable to be said for 
both views. It seems to the writer that privately endowed institutions, 
particularly the older and more distinguished of them, may very prop- 
erly adhere to a somewhat arbitrary (though not a static) ideal of scholar- 
ship and accept only such students as are fitted to appreciate and suc- 
cessfully pursue that ideal. The institution supported by public funds 
cannot, in consistency with American ideals, adopt so independent an 
attitude. 

We are beginning to realize that the world (and particularly America) 
has entered upon a new stage of that industrial revolution which we 
had once thought to be safely embalmed in the history books. Indus- 
trial development is bringing pressure to bear upon the educational 
system from two angles. In the first place it has produced greater 
spending power and more leisure throughout the economic scale. Not 
all of this spending power is absorbed in flivvers and radios nor is all of 
the leisure expended upon municipal golf courses. Some of both is 
reflected in a longer period of education for the younger generation. 
Secondly, the new industrial order makes ever-increasing demands for 
what may be termed educated workers. The resultant crowding of our 
high schools and colleges is but a manifestation of a people with a very 
natural and commendable desire to get along in the world. 

If some of these young people seem more interested in the utilitarian 
than in the cultural aspects of education they are, perhaps, no more 
biased than some of their betters who denounce them as hopelessly 
materialistic. A good many of them realize that it is of little use to 
devote much time to acquiring champagne tastes unless one also does 
something about raising his income above the beer level. But, be that 
as it may, education is now called upon—not to “lower its ideals’’—but 
to add some humbler though no less important services to its more 
grandiose projects. 

This rather rambling discussion has led far afield from our original 
starting point but it has indicated the background necessary to any in- 
telligent consideration of science as an element in liberal education. 
And there is a parallel to be drawn between education in general and 
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chemical education in particular. Many teachers of chemistry have 
too long made of their beloved science a sort of sacred cow. To vary 
the metaphor, we have constructed a Procrustean couch which fits 
few students but which every student must be made to fit. We have 
taught a subject rather than students. 

Perhaps that is a harsh way of putting it. Courses in chemistry were 
first evolved for the benefit of those who desired to devote their lives to 
science or for others who possessed what we may call the truly scholarly 
turn of mind. Chemistry has been taught, in the main, by men who 
belonged to one of those two classes. It is only natural that the original 
tradition should have persisted. 

We are now faced by the fact, however, that many of our students 
have not the scholarly turn of mind and that many of them are preparing 
for work to which chemistry has no direct relation. We are called upon 
to adopt a new point of departure—to ask ourselves what chemistry can 
be made interesting and useful to the students with whom we have to 
deal rather than how a sienna system can be hammered into 
all comers. 

This necessity is not ieakeiaiiia There is an increasing number 
of voices crying in the wilderness, and some experiments are already 
being made toward putting the newer and more liberal ideas into actual 
practice. In fact it seems to us that a word of caution against excess 
of zeal is not altogether superfluous at this time. We offer that word 
in no reactionary spirit, but in the belief that the progress to which we 
hopefully look forward will be most speedily and permanently secured 
through a program of moderation. 

In the first place, the advocacy of too radical a departure from ania 
lished methods and curricula seems likely to alienate many teachers and 
educators who might be favorably disposed to consider and employ 
more conservative recommendations. In the second place, if we carry 
our idea to the extreme of reducing the chemistry course to a series of 
“popular lectures,’’ as that term is generally understood, we shall fall 
as far short of our objectives as we are falling now. 

The average chemistry course of today does not sufficiently prepare 
the student to understand the everyday world about him. Certainly it 
does not give him the knowledge necessary to any intelligent interest in 
the further development of the science. Nearly all of our textbooks in- 
clude ‘‘practical applications” but these are thrown in as afterthoughts— 
at any rate, as entirely secondary to the serious matters of formal chem- 
istry. And there is too great a hiatus between the point where we drop 
the student and the point where new developments are taking place. 
The first of these defects calls for a rearrangement of subject-matter 
and a shifting of emphasis; the second calls for a more extended and 
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hence, to some extent, a more superficial or a more selective treatment, 
or both. 

Let us not, then, cast the whole of our present system overboard and 
begin anew to build something out of chaos. Let us critically examine 
what we have and retain that which is absolutely essential. Let us 
then add to the salvage such material as seems most suited to repair 
present deficiencies. Having done this we may safely allow our revo- 
lutionary tendencies free play in the matters of organization and pres- 
entation. 

The “Minimum Essentials’! drawn up by the Committee of Chemical 
Education of the American Chemical Society represent an attempt at 
just such a selective process as we have recommended. Doubtless they 
leave much to be desired. It seems to us, however, that they constitute 
a reasonably sane nucleus about which to build a course in ‘‘pandemic’’ 
chemistry which shall not degenerate into mere chemical propaganda— 
a course which shall tell what chemistry has done and is doing but — 
which shall not neglect an explanation of how it does it. 


OR the chemist or teacher who likes to enliven his convention at- 
tendance with considerable ‘extra-curricular’ activity, Detroit 
offers unsurpassed opportunities. The city is, of course, famous as the 
A ‘ center of the automobile industry. ‘The immense Ford 
ttractions 

si Didnenis and Fordson plants, the Lincoln plant, and the Ford 

Airport are all within easy reach as are a number of the 
General Motors plants, including the Cadillac, Buick, and Chevrolet. 
The Packard, Dodge, and Hupmobile plants are located at Detroit and 
the Studebaker, Hudson-Essex, and Chrysler Companies each have two 
large factories there. Among the allied industries are the U. S. Rubber 
Company, and various paint and varnish and body companies. 

Detroit is also one of the great drug-manufacturing centers. Vege- 
table and animal extracts, serums and antitoxins, and chemicals are all 
produced in large quantities. The house of Frederick Stearns and 
Company has buildings containing ten acres of floor space and the 
Parke, Davis and Company laboratories occupy six city blocks. 

Appropriately enough, the Industrial and Petroleum Divisions of the 
American Chemical Society have arranged a three-day symposium on 
“Chemistry’s Contributions to the Automotive Industry.” Many 
teachers will probably find it interesting to visit their meetings. 

For details concerning registration, railroad rates, etc., see page 813 of 
the July issue. See also p. 963 of this issue. 


1 See Tuts JouRNAL, 4, 640-56 (May, 1927). 
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WATER PURIFICATION AND WATER SOFTENING 
AT COLUMBUS, OHIO 


CHARLES P. HOOVER, WATER SOFTENING AND PURIFICATION Works, ColLUMBUS, OHIO 


Few cities have had so difficult a public water supply problem to solve 
as did the city of Columbus, Ohio. For years prior to the installation 
of the present plant, sewage-polluted water from Alum creek and the 
Scioto river was pumped into the distributing system of the city. Even 
with both these sources of supply the quantity of water available was 
not sufficient and there was constant danger of a water famine during 
the summer and fall months. 

As stated, the water was polluted with sewage, at times was extremely 
muddy and, as the watersheds of the above-mentioned streams are under- 
laid with limestone rock, the water passing over and through this limestone 
becomes very hard. The hardness was so excessive that the water was 
- not satisfactory for domestic or commercial uses. It would not lather 
freely with soap and when used for boiler feed purposes was very injurious 
to the boilers, due to the large amount of scale deposited on the tubes. 
The impurity of the water created frequent epidemics of typhoid fever, 
and Columbus was reputed to have had perhaps as high a typhoid fever 
death rate as any large city in the United States. In 1908, just a year 
previous to the time work started on the improved water supply, the 
typhoid fever death rate was 139 per 100,000 population. _ 

After heavy rains the water was so turbid or muddy that it was almost 
impossible to use it for domestic or other purposes. The reader will 
perhaps better conceive the muddy condition of the water by knowing 
that now, after heavy rains, as much as 250,000 pounds (125 tons) of 
mud are removed from a single day’s supply of water. 


Storage of Water 


Julian Griggs Dam.—In order to provide a sufficient quantity of 
water, a dam (the Julian Griggs dam) was built, in 1905, across the Scioto 
river about five miles above the city. This dam is a concrete structure 
approximately 1000 feet long and 30 feet high. ‘The reservoir formed 
by the construction of this dam is 5.8 miles long, has an average width 
of 500 feet, and a capacity of 1,720,000,000 gallons. i 
_ The O’Shaughnessy Dam.—During the year 1924 a second dam (the 
O’Shaughnessy dam), was completed. ‘This dam is also built across the 
Scioto river and is located about ten miles above the Julian Griggs dam. 
It is also a concrete structure approximately 1008 feet long, 70 feet high. 
The reservoir-formed by this dam is 7.5 miles long and has an average 
width of 1000 feet and a capacity of 5,350,000,000 gallons. ‘The reservoir 
and dam cost approximately $2,200,000,00. 
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With this new reservoir full of water, the city of Columbus has an 
adequate water supply to meet the requirements of 500,000 people. 


Process Used to Soften and Purify the Scioto River Water 


The raw Scioto river water passes either over the dam or through 
large gates which are provided in the dam, thence down the channel of 
the river to the intake at the purification works, a distance of 4.5 miles. 
The intake is protected by means of a large screen, serving to prevent 
the entrance of sticks, leaves, or other floating particles which would 
seriously damage the pumps should they be drawn in the suction line. 
The water passing the screen enters a suction well, from which it is lifted 
by pumps and forced through a meter into the receiving compartment 
at the purification plant. 

Chemical solutions, lime, soda ash, and alum of known strength or 
concentration are prepared and stored in large chemical solution tanks. 
Proper quantities of these chemical solutions for softening and purifying 
the water are measured by special measuring devices and discharged 
into the water as it enters the receiving compartment. 

After adding the chemical solutions, it is very necessary that the 
chemicals and water be thoroughly mixed. This mixing is accomplished 
by passing the water through baffled mixing chambers. The mixing 
chambers may be described as a series of dams over and under which the 
water is made to pass. At the Columbus plant the water travels approxi- 
mately one mile over and under these dams in a period of about two 
hours. During the time the water is going through the mixing chamber 
chemical reactions between the chemicals added to the water and the 
mineral salts originally present take place. The precipitate is insoluble 
material formed by these reactions and is a heavy gelatinous mass. It 
entangles itself with the mud, bacteria, and other impurities in the water. 
This mixture is heavy and is easily removed. Much is removed by allow- 
ing the water to circulate slowly through large settling basins. ‘The 
heavy gelatinous mass settles to the bottom of the basins or tanks, from 
which it is periodically washed into the river at a point below the intake. 
‘The water from the top of the basins is drawn off continuously and filtered 
through sand beds into a large receiving basin known as the filtered water 
reservoir. 

The filter is a concrete box in the bottom of which is a strainer system. 
The strainer system consists of a number of small brass plates perforated 
with small holes. The strainers are covered with gravel which is placed 
in four layers graded in size, the coarsest being at the bottom. The 
gravel supports the sand which has a thickness of 24 inches. When a 
filter bed is in service, that is, when the water is filtering through it, the 
water passes downward through the sand. All the mud, impurities, 
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suspended particles, and practically all of the bacteria are caught or 
retained on the surface of the sand bed, and the water coming from the 
5 filter is sparkling clear and pure. . 

After a filter has been in service twenty-four or forty-eight hours it 
becomes necessary to clean the bed and this is done by forcing the water 
upwards through the strainer system. The water comes up through 
the openings in the strainer plates, up through the gravel and sand; and 
the mud and impurities on the surface of the bed being lighter than the 
sand, are floated in the rising wash water, overflowed into a drain and 
allowed to flow back into the river. The entire filter bed, having an area 
of 1000 square feet, is washed perfectly clean in five minutes. 

The Columbus plant when built 20 years ago had a capacity for softening 
. and purifying 30 million gallons of water per day and was the largest 
i complete water-softening plant ever built. It has been enlarged since 
; and now has a capacity for softening and filtering 55 million gallons of 

water daily and is still the largest complete water-softening plant in the 
world. 
oe Water Not Doped with Chemicals 


The people of Columbus felt that the use of chemicals for the softening 

: and purifying process would not be desirable, and consequently had 
My some hesitancy at first in using the chemically treated water. This 
prejudice has now been almost entirely overcome and the citizens of 
Columbus understand that the water is not ‘“‘doped” with chemicals 
but that there is less mineral matter or chemicals in the softened and 
purified water than there is in the raw river water. ‘The chemicals which 
are added in order to soften and purify the water combine with the soluble 
mineral salts already present in solution and new compounds are formed. 
iW These new chemical compounds which are formed are different from 
those originally present and are also different from the chemicals added, 


if in that the chemicals added to the water and the mineral salts present 
At in the raw water are soluble, whereas the new compounds which are 
i formed are not soluble and consequently are easily removed from the 
mi treated water. The chemicals added, as well as the mineral salts already 


present, are removed by the purification process and, therefore, as has 
1 already been stated, there is less chemical or mineral content present 
’ - in the softened or filtered water than in the raw Scioto river water. 


aa Difference between Filtration and Combined Filtration and Softening 


The principal differences between a water-filtration plant and a com- 
bined water-filtration and water-softening plant are: first, a combined 
*| plant must have additional facilities for storage of chemicals and their 
| application to the water; second, more adequate mixing devices for agita- 
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tion of the chemicals with the water are required; third, larger settling 
basins or a mechanism for continuously removing the sludge; and fourth, 
a carbonization plant. 

With the addition of these facilities almost any water-purification 
plant may be converted into a softening plant and the extra cost of in- 
cluding these facilities at the time of building a plant is not great when 
the advantages to be obtained by softening a water supply if it is hard 
are considered. 

Losses Due to Hard Water 


‘These losses may be classified as follows: 


(1) Extra cost of soap and other preparations for softening water 
(saving in soap alone to a community will pay for all costs of softening). 

(2) Extra expense of cisterns and double plumbing systems. 

(3) Effects on fabrics. 

(4) Heat losses in hot water heaters and boilers. 

(5) Extra expense for operating steam boiler plants. 


In addition to these, numerots industries require soft water, a few 
of which are: 

(1) The paper industry destroys large quantities of sizing chemicals 
by using hard water. 

(2) In the tanning industry soft water prevents the formation of soap 
curds which are difficult to rinse from the wool. 

(3) Ice manufacturers are able to manufacture a satisfactory quality 
of ice from softened filtered water. 


Manufacturing interests will be more easily induced to locate in cities 
having soft water, other things being equal. The added comforts which 
the citizens will experience by the change from hard to soft water cannot 
be fully appreciated until after it has been made. 

In the April, 1927, number of Good Housekeeping, there appeared an 
article under the title, “‘Soft Water for Hard.” ‘The writers of the article! 
visited many women in their own homes and talked over with them the 
difficulties they were having with hard water. Their article constitutes 
an excellent summary of the disadvantages which hard water imposes. 


Waste of Soap Due to Hard Water 


The action of hard water on soap is due, as has already been stated, 
to calcium and magnesium salts. These salts react with soap to form 
slimy, insoluble compounds which are easily seen in the water before 
lather begins to form. ‘The formation of these slimy compounds uses 


1 Helen M. Whitson and Arthur J. Donniez. 
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up soap and therefore the harder the water the more soap is consumed 
before lather is formed, and since the soap exerts no cleansing action 
until it lathers, it is clear that hard waters require more soap than soft 
waters. 

C. W. Foulk, professor of chemistry, Ohio State University, has re- 
cently written a bulletin on “Industrial Water Supplies” for the Geo- 
logical Survey of Ohio (Bulletin No. 29) and in this bulletin he calls atten- 
tion to the fact that some Ohio cities are now softening their water and 
others are considering doing so and he gives figures to show what softening 
of the water means to the average householder. 

Continuing, he endeavors to estimate the amount of water that each 
householder completely softens for laundry and bathing purposes which, 
according to his calculation, amounts to 1600 gallons per year and he 
concludes that if the househo'ders of Columbus, Ohio, used the hard, 
unsoftened water from the Scioto river instead of the softened water 
supplied by the municipal water-softening plant, they would each waste 
63 pounds of soap each year. In other words, by using the softened 
water instead of the unsoftened water, the householder saves 63 pounds 
of soap a year, which at 10 cents per pound amounts to $6.30. 

It, of course, was not the practice for the people in Columbus to use the 
hard water exclusively because most homes were provided with cisterns and 
double plumbing installations. Prof. Foulk estimated the cost of this 
additional installation as follows: 


With interest at 6% and depreciation and repairs at 3%, this extra 
soft-water equipment entails an annual cost of $26.28. The low estimate 
for repairs and depreciation is justified by the fact that the moving parts 
are in operation for only a few hours each week. 

Prof. Foulk then concludes that the amount of money saved for each 
Columbus householder, as a result of municipal water softening depends 
on his previous practice. If he formerly used hard water he saves the 
annual wastage of $6.30 worth of soap. If it was necessary for him 
to install and maintain a double system of plumbing, his loss amounted 
to $26.28 per year. 


Softening Increases Filtration Plant Efficiency 


In addition to the added’comforts and benefits which the citizens of 
any community will experience by the change from hard to soft water, 
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the softening process increases the efficiency of the filtration plant opera- 
tion because better coagulation is effected, more organic matter and color 
are removed, the treated water is non-corrosive and intestinal and patho- 
genic bacteria are killed. 

At the Columbus plant the bulk of the precipitate formed by the soft- 
ening reactions is about twenty times as great as could be obtained by 
ordinary coagulation processes. The efficiency of this large volume of 
precipitate as a coagulant is greatly increased if the water treated con- 
tains magnesium compounds because the lime reacts with them to form 
magnesium hydroxide, a bulky gelatinous precipitate which coagulates 
the suspended clay particles or mud as readily as the precipitates formed 
by sulfates of aluminum or iron. If the quantity of magnesium salts 
in the water being softened is small, then, of course, a small quantity of 
coagulant may be added along with the softening chemicals in order to 
. make the resultant precipitate more gelatinous and thus render it more 
efficient as a coagulant. 

A properly lime-softened water should, at the time it is ready to leave 
the settling basins, have a bright greenish look and a turbidity not to 
exceed one or two parts per million. One should be able to see an object 
immersed in it to a depth of at least five feet. Such a water in addition 
to being low in turbidity will be low in color, organic matter, and prac- 
tically free from intestinal and pathogenic bacteria so that the load on 
the filters will be greatly lessened and filter costs reduced because filtra- 
tion rates may be increased. The load applied to the filters should be 
so light that filter runs may be lengthened to at least 48 hours between 
washings. At the Columbus plant, filters have, on special occasions, 
been run continuously for periods of six days between washings. 


Softening Produces Satisfactory Water Even though Other Processes 
Fail 


Coagulation, filtration, and chlorination can be used in almost all in- 
stances to produce a water that is clear and safe for drinking purposes, 
but sometimes the amount of chlorine required to make sure that the 
water is safe bacterially is so high that the treated water may not be 
palatable on account of disagreeable tastes and odors. 

It is well known and recognized that if water contains a slight amount 
of phenol or large amounts of organic matter, the addition of chlorine 
will intensify any tastes or odors that may be present in the water. 

At the Columbus plant it is customary to omit the chlorine treatment 
entirely during flood periods when the organic matter is high and the 
water has a tendency to unpleasant taste or odor. At the time when 
chlorine treatment is discontinued, excess lime treatment is resorted to, 
about 20 parts per million caustic alkalinity being carried in the filtered 
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water. ‘This amount of caustic alkalinity is not noticeable to the con- 
sumer. 

It will be seen from what has already been said that lime softening 
is exceptionally well adapted to the treatment of a badly polluted hard 
water because coagulation is improved, organic and coloring matter 
removed, bacteria are killed, making it unnecessary to depend on chlorine | 
if tastes and odors are feared. - Lime softening sometimes makes it possible 
to produce a satisfactory potable water from a badly polluted water high 
in organic matter, even though all other processes fail. 

The advantages of softening and the disadvantages of hard water 
and the economic losses from its use have long been recognized; never- 
theless, until within the last five years, very few municipal water-softening 
plants. have been built and we may well ask why. There are several 
reasons why municipal water softening has not been looked upon with 
complete favor in the past, but almost all of the difficulties and objection- 
able results following water softening have now been entirely overcome 
and the others have been greatly improved. 


Fic. 2.—Pipg Sections SHOWING HaRD-WATER Deposits 


Limitations to Lime Softening in the Past 


The two principal limitations encountered in water-softening have 
been: (1) In the early days of the art, lime-softened water was not stable 
because it was supersaturated with normal carbonates of calcium and 
magnesium, and distribution systems carrying the water, as well as meters 
and hot-water systems, would become incrusted with deposits of these 
carbonates. Serious trouble was encountered with the stoppage of 
hot-water pipes in hotels and public buildings on account of deposits 
formed therein because the water in these buildings is usually heated to 
a temperature higher than the average. (2) Limited results could be 
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obtained in reduction of hardness 
on account of the formation of solu- 
ble complex basic carbonates of 
magnesium. These soluble salts 
cause the alkalinity of the softened 
- water to be higher, especially when 
soda ash is used along with the lime 
to reduce non-carbonate hardness. 


Recarbonization of Lime-Softened 
Water 


A lime-softened water may now 
be cheaply and satisfactorily sta- 
bilized by recarbonizing it with car- 
bon dioxide gas produced by burn- 
ing coke, pulverized coal, oil or gas 
in a suitable furnace. After scrub- 
bing and drying, the carbon dioxide 
gas is diffused into the water through 
small openings in a grid system 
located ahead of the filters. The 
carbon dioxide converts the normal 
carbonates, which are only slightly 
soluble, to bicarbonates, which are 
highly soluble. Enough carbon di- 
oxide should be added so that the 
carbonated water will show just a 
faint trace of color when phenol- 
phthalein is added to it. 

Carbonation of a softened water 
makes it resemble natural water. 
If you were to submit a sample of 
lime-softened water to a chemist 
for analysis, he could very easily 
tell you that it was a softened 
water because the results of his 
analysis would show that the water 
was different from natural waters. 
If you were to submit to him a 
sample of lime-softened water that 
had been carbonated he couldn’t 
tell from the results of his analysis, 
the source of the water because 
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it would be similar in all respects to any natural water of similar hard- 
ness. 
Modern Methods to Overcome Limitations 


‘The limitations in the reduction of hardness have been largely over- 
come in the treatment of water for industrial purposes by (1) the hot 
process, (2) excess lime treatment, (3) split treatment, (4) excess lime 
followed by carbonation, (5) the use of compounds of aluminum, and 
(6) substitution of zeolite for soda ash to remove non-carbonate hardness. 

Hot Process.—Temperature is one of the most important factors in 
lime water-softening and at higher temperatures less calcium and mag- 
nesium remain in solution than at lower temperatures. During the 
winter months, well water at a temperature between 55° and 60° F. 
is much easier to soften than surface waters having a temperature around 
32°F. 

Excess Lime Treatment.—This consists in overtreating the water 
with lime, usually 2 or 3 grains excess lime per gallon are sufficient to 
precipitate the magnesium almost completely—then neutralizing the 
excess lime with soda ash, converting all the causticity to sodium causticity. 
The soda ash required is that necessary to combine with the non-carbonate 
hardness of the water and excess lime. 

Split Treatment.—It is not good practice to pump highly caustic 
water to the consumers, and in order to reduce the hardness to as low a 
figure as possible in municipal water softening, split treatment should be 
used—that is, treating as large a portion of the hard water as possible 
to get maximum reduction of hardness and then neutralizing the excess 
sodium hydroxide with raw water. ‘The proper proportion may be as- 
certained only by knowing the analysis of the water to be softened. 

The split treatment reduces the hardness of a given quantity of raw 
water with a given quantity of chemicals more than the same quantity 
of chemicals will, when added in the usual way, but it is not so effective 
in reducing hardness as over-treatment. 

Excess Lime Followed by Carbonation.—Water may be treated 
with excess lime in order to precipitate the magnesium salts and the 
excess calcium hydroxide then converted to insoluble calcium carbonate 
by carbonation and filtration. 

Addition of Aluminum Compounds.—The addition of aluminum com- 
pounds, it is believed, converts soluble magnesium salts to insoluble mag- 
nesium aluminates and coagulates any colloidal precipitates formed, thus 
making it possible to remove them by settling and filtration. 

Substitution of Zeolites for Soda Ash to Remove Non-Carbonate 
Hardness.—It has already been mentioned that the addition of soda ash 
to remove the non-carbonate hardness is conducive to the formation of 
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soluble hardness salts. We now know that it is not necessary and in 
many cases not advisable to use soda ash to remove permanent or non- 
carbonate hardness from water because in communities where salt may 
be obtained at a fair cost it is cheaper to remove non-carbonate hardness 
by means of the zeolite process than by means of soda ash. 

The operation of a lime-softening plant followed by zeolite treatment 
is about as follows: The water is first treated with sufficient lime to 
reduce the temporary or carbonate hardness to the lowest possible figure, 
then, after settling, it is carbonated with carbon dioxide to convert the 


Fic. 4.—SanD GRAINS INCRUSTED AND CEMENTED TOGETHER BY DEPOSIT FROM 
LiME-SOFTENED WATER 


normal carbonates to bi-carbonates, thus preventing the deposition of 
normal carbonates on the zeolite sand and also preventing the formation 
of normal sodium carbonate in the softened water. ‘The presence of 
sodium bi-carbonate in the zeolite softened water makes it possible to 
mix it with water containing non-carbonate hardness and not get a pre- 
cipitation or an after reaction. After settling and carbonation, the lime- 
softened water flows to the filters and, if desirable to reduce the hardness 
of the water to zero, all the water is passed through zeolite filters. If 
it is desirable to leave some residual hardness in the water, then, of 
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: Large quantities of chemicals can be economically handled by unload- 
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course, it is only necessary to filter a portion of the water through zeolite 
filters. 

At the Columbus plant it is believed that it will be possible to reduce 
the hardness of the water from 300 parts per million to 160 parts per 
million by lime treatment alone, and that, in order to produce a softened 
water with a total hardness of, say, 80 parts per million, it will be necessary 
to filter only half of it through zeolite filters, reducing the hardness of 
this portion to zero, and then mixing it with the other portion having 


Fic. 5.—OnE Type oF MECHANICAL AGITATOR 
The ee are swung from arms by means of clamps which allow them to assume a 
nearly horizontal position in starting. "When motion in the tank is attained the 
the paddles draws them into the vertical position shown here. This feature takes th 4 
excess load of starting off the motor. q 


a hardness of 160 parts per million. The resultant product will have 
a hardness of 80 parts per million and no after reactions are expected 
because the residual sodium salts in the zeolite-softened water are present 


Other Developments 


Chemicals used for softening can be thoroughly and satisfactorily 
mixed and agitated with the water in improved mechanical mixing de- 
vices which can be built at less cost than the old type baffled tanks, 
and the chemical reactions should be completed as far as possible in the 
mixing basin, then the settling basin need not be much larger than those 
provided with ordinary filtration plants. 
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Fic. 6.—PNEuMATIC CONVEYING INSTALLATION FOR HANDLING CHEMICALS 


ing them from the cars by means of power shovels or by means of air 
suction devices and they may be cheaply elevated into bins from which 
they are subsequently fed into the water ty gravity. 


Dry feed machines for meas- 
uring the chemicals, and these 
same machines equipped with 
continuous lime slackers, have 
been developed and their in- 
troduction permits of the elim- 
ination of chemical solution 
tanks with all their attendant 
difficulties, familiar to all water 
works operators. 

Apparatus has been developed 
which may be installed in the 
settling basins or clarifiers mak- 
ing it possible to remove the 
sludge produced from the water- 
softening reactions continu- 
ously. Practically all of the 
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Fic. 7.—Dry FEED MACHINES FOR MEASURING 


CHEMICALS 
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municipal water-softening plants built within the last five years have 
been provided with the Dorr clarifiers for removing sludge continuously. 


Fic. 8.—FEEDER AND SLAKER 


Operation of the Columbus Water Works for the Year 1926 


During the year an average of 27.5 million gallons of water were softened 
and filtered each day. This represents 96 gallons per capita per day. 
Hardness of Water.—The hardness of the water was reduced from 
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an average of 246 parts per million to an average of 90 parts per million, 
a reduction of 63 per cent. 

Quantity of Chemicals Used and Their Cost.—To reduce the hardness 
of the water from an average of 246 parts per million to 90 parts per 
million, 3063 tons of soda ash and 7688 tons of lime were required. ‘The 
price paid for soda ash was $29.75 per ton, and the price paid for the 
lime was $6.37 per ton, making the total cost for soda ash $91,124.25, 
and the total cost for lime $48,972.56. ‘The cost of the lime, soda ash, 
alum, and chlorine per million gallons of water treated amounted to $16.22. 


Turbidity and Color Removed.—The average turbidity or muddiness — 


of the river water during the year was 107 parts per million, whereas 
the turbidity of the filtered water was zero. The average turbidity was 
higher during the past year than in former years and this is due to the 
new O’Shaughnessy dam which holds back the flood water, causing the 
water coming to the plant to be muddier for longer periods of time. The 
average color present in the water derived from decay of vegetation, 
was 20 parts per million. By the combined use of lime, soda ash and alum, 
the color was reduced in the filtered water to 2 parts per million. A 
color of two parts per million is not noticeable to the consumer. 

Typhoid Fever.—There were five deaths from typhoid fever during 
the year 1926, three of which were resident and two non-resident. Figur- 
ing the population at 285,000 (State Bureau of Vital Statistics estimate), 
would give the city a total death rate from typhoid fever of 1.7 per 100,000, 
a resident death rate of 1.0 per 100,000 and a non-resident death rate of 
0.7 per 100,000. 


Cellulose Films May Revolutionize Photography. Cellulose, the principal con- 
stituent of wood fiber, may revolutionize photographic methods by its use in photo- 
graphic films. A new process has just been developed by Philippe David, collaborator 
of A. Bertillon, famous criminologist, by means of which it takes the place of gelatin 
as a support for the sensitive silver salts. 

In the ordinary photographic plate or film the base of glass or celluloid is coated 
with a layer of gelatin in which are suspended the silver bromide particles. The gelatin 
layer is rather delicate, and great care must be taken with the films or plates before 
they are dry. Too much heat will melt the coating and spoil the picture. 

With the new films gelatin and its disadvantages are eliminated. As the cellulose 
does not dissolve even in boiling water, the developing chemicals may be used hot to 
speed up the process. They may be developed in 3 to 4 minutes, fixed in 2 minutes 
and washed in 30 seconds, instead of the 15 to 30 minutes that the latter process now 
takes. Then they can be dried over a flame or in a hot oven in 2 or 3 minutes. The 
entire process, from the start of development to the dry negative ready for printing, 
is over in ten minutes at the most. ‘This is a far shorter period than can be obtained 
at present, and it is anticipated that the new films and plates will prove especially 
valuable, both for still and motion pictures, in portraying news events.—Science Service 
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PATENT MEDICINES 
O. WALKER, WILLIAM JEWELL COLLEGE, LisERTyY, MIssourr 


The term ‘‘patent medicine” is a misnomer. Medicines of this class 
have never (except in the case of Castoria) been patented. However, 
a number of trade-marks have been registered. The fact that ‘‘patent 
medicines” are not sanctioned by either the federal or state governments 
or the medical profession has not eliminated the traffic in this country, 
for fully two-thirds of the income from all medicines is derived from the 
“patent medicines.’’ ‘The writer’s purpose in dealing with this situation 
is to call the attention of the teachers of chemistry to the amazing frauds 
perpetrated by the patent medicine vendors or quacks. It is his conviction 
that the spreading of information throughout the school systems, high 
schools and colleges, will do much to eliminate this evil. With that in 
mind, the following facts are set forth. 

Previous to the passage of the Federal Food and Drug Act, the quack 
held undisputed sway over the health destinies of the country. Any 


_claim of any type could be made, and backed up by shrewd advertising 


and unscrupulous methods, the business enjoyed a great prosperity. 
In 1905 and in later issues of Collier’s, there appeared a series of articles 
by Samuel Hopkins Adams under the name of ‘The Great American 
Fraud.’ Written in a popular strain and backed by the resources of this 
great magazine, these articles attracted country-wide attention. Agita- 
tion followed and eventually resulted in the passage of the Federal Food 
and Drug Act. This act applied only to interstate sale of “patent med- 
icines,”’ required the elimination of all false and misleading statements 
on the label of the bottle and the declaration of the presence of alcohol, 
morphine, opium, cocain, heroin, eucain, chloroform, Cannabis Indica, 
chloral hydrate, and acetanilide. It did not apply to intra-state commerce 
and did not prohibit false and misleading statements in advertisements. 
Moreover, it did not require labels on bottles to show the presence of such 
deadly poisons as: prussic acid, carbolic acid, arsenic, and strychnine, or 
any of a hundred other dangerous drugs. In other words, it left several 
loopholes for the quack. 

Before the passage of this act, Mrs. Winslow’s Soothing Syrup claimed 
much. Afterward, it must eliminate morphine sulfate from its formula 
or publish it on the label. These facts detracted somewhat from the popu- 
larity of this “baby killer.” 

Another agency which has very largely aided in reducing the activities 
of the quack is the United States Post-Office Department. Mail, whose 
intent it is to defraud, is barred from the usage of the facilities of this de- 
partment. Needless to say, this has been very effective in reducing the 
number of quack operatives, although it has helped the express business. 
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The third agency in the crusade against the quack is the American 
Medical Association. ‘Through its chemical laboratories, it has been able 
to analyze ‘patent medicines” and, through its widespread organization, 
it has been able to influence legislation through exposure of definite in- 
stances of medical fakery. Analyses have been made of several hundred 
nostrums and the results published in two volumes ‘‘Nostrums and 
Quackery.” 

Advertising is the most important asset of the ‘‘patent medicine” business. 
In no other line of business does it play such an important part. Adver- 
tisements are inserted in all newspapers except those whose ideals are high 
enough to refuse such ‘‘blood money.”” These advertisements are of two 
general classes, testimonials from supposedly cured patients and regular 
advertising copy. Of the testimonial writers, there are three general 
classes: professional testimonialists, professional people, and the sincerely 
ignorant. In the first class, we have such people as W. H. Morse, F. S. 
Sc. (London) (degree cost Mr. Morse $5) who will write a testimonial, as 
a professional man, for any type of nostrum even though he may be ignor- 
ant of its nature. Professional people, in general, will lend their names 
and pictures to the advertising of nostrums. Sarah Bernhardt, Julia 
Marlowe, ‘Ty Cobb, and many others have entered this field. Jess Willard 
recommended ‘“‘Nuxated Iron” as the medicine which enabled him to whip 


Jack Johnson. After the passing of Willard, Jack Dempsey confided to. 


the public that ‘‘Nuxated Iron” built him up so that he was enabled to 
conquer the massive Jess. Evidently Mr. Willard failed to take his cele- 
brated body builder. As a matter of record, it is well to point out that 
this remarkable remedy contains a little iron and some alkaloids. Rhap- 
sodies over the curative ability of Sanatogen are somewhat dimmed by the 
content of 95% dried milk and 5% glycerol. Two cents worth of beans 
have the same value. A Chicago advertising agency offers famous names 
to all who are able to pay their fee. This list includes several cinema 
stars. 
‘ The sincerely ignorant class of testimonial writer is more to be pitied 
than censured if it were not for its influence. John Brown of Peoria is 
likely, by testimonials, to induce Sam Jones of Lincoln to take $.S.S. as 
a cure for his fallen arches or any other affliction he may happen to possess. 
One good lady, to quote from her testimonial, ‘‘was all run down and not 
even able to do her house work.” Acting upon the advice of a neighbor, 
‘she began taking Wine of Cardui. After taking six bottles of this medi- 
cine, she was able to do all her work. Before the effect wore off she 
wrote her testimonial. Wine of Cardui contains 10% alcohol and little 
else. We wonder regarding the source of this remarkable feeling. Several 
less worthy citizens have been incarcerated in the local jail as the result 


of its possession. 
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Another lady writes that Lydia Pinkham’s Compound restored her to 
health and happiness. This nostrum contains 15% alcohol. Again 
we are amazed at the restorative power of this type of nostrum. 

Testimonials from this class are obtained in momentary spells of elation 
resulting from alcoholic stimulant or a temporary feeling of good health. 
Several large companies employ agents to collect testimonials and others 
go to less trouble by writing their own testimonials. ‘Two testimonials 
(of many available ones) brought results in a most unusual fashion. Mrs. 
Butcher of Blackwell, Oklahoma, wrote a testimonial for Doan’s Kidney 
Pills (active ingredient, potassium nitrate). This testimonial appeared 
in her home town paper nearly two months after her death notice. She 
died of Bright’s disease. Mr. Fred Wicks testified that Tanlac (alcohol 
18%, bitters, glycerol, laxative in small amounts) had cured his stomach 
trouble. In the same paper appears his death notice. Which are we to 
believe? 

The “sucker list’ is an important asset to the patent medicine vendor. 
He obtains these usually by purchase. Certain firms collect these names 
by promising free consultations by mail. Lydia Pinkham’s Company 
has long requested women to write directly to Lydia Pinkham. ‘This 
practice was carried on as late as 1903 in spite of the fact that Lydia died 


in 1883. The “strict privacy” promised to writers of these letters is’ 


very often violated as indicated by advertising companies offering these 
names or original letters in five hundred lots. 

Alcohol plays a very important part in relieving that “all done up” 
feeling as indicated by this list: 


Hostetter’s Bitters............... 25% 
Pinkham’s Compound........... 15% 
Pepto Mangan. 16% 


_ The best sellers are those which contain the higher alcoholic content. 
Need anything more be said? 

In spite of the strenuous efforts of those opposing the patent medicine 
vendor, he is still able to carry on a thriving business. Without advertis- 
ing he could not do this. The great ‘‘overhead” in the business is that 
associated with advertising and lobbying. Newspapers are tied hand and 
foot by the insertion of a clause in many advertising contracts binding 
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the newspaper to oppose any legislation or movement tending to embarrass 
the patent-medicine business. Inasmuch as the average income per 
paper per annum from patent-medicine advertisements is approximately 
one thousand dollars, most papers accept this questionable advertising. 
In the case of the poor country newspaper it may mean the financial 
success of the paper. 

To go into further details regarding this business is beyond the scope 
of the present paper. The two-volume work, “‘Nostrums and Quackery’”’ 
—American Medical Association, 535 N. Dearborn St., Chicago, II1., 
contains ample material for those seeking more detailed information. 
The writer is of the opinion that each teacher of chemistry should inform 
_ himself of the facts in this particular case and deliver at least one lecture 
per year to available classes or before local organizations. In this fashion 
the educational program of the American Medical Association will be 


materially aided. 
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DETROIT MEETING 


The Division of Chemical Education is particularly anxious to have a large at- 
tendance of high-school teachers of chemistry at the Detroit Meeting of the American 
Chemical Society, Sept. 5th-10th. 

A g&tneral meeting will be held Tuesday morning, Sept. 5th, and a public meeting 
Wednesday evening. On Tuesday afternoon there will be special programs by several 
of the Divisions of the Society. Meetings of the Division of Chemical Education will be 
held Wednesday, Thursday, and Friday mornings and Wednesday afternoon. Of espe- 
cial interest will be the Symposium Thursday morning on ‘The Popularization of 
Chemistry.”” At the luncheon immediately following this session, all high-school 
teachers of chemistry will be guests of the Division. 

The Detroit Section of the A. C. S. has planned an elaborate program of entertain- 
ment. Monday night there is to be an informal dance at the Hotel Statler; Tuesday night 
there will be a boat ride, entertainment, and dance; Thursday afternoon will be de- 
voted to trips around Detroit and Friday from 11 a.m. to 5 P.M. to an excursion to 
Ann Arbor where the University of Michigan is located. 

A special feature of the Detroit Meeting is the plan for student housing which has 
been worked out by Professor O. E. Madison of the College of the City of Detroit. 
Prof. Madison, who is assistant secretary of the Division of Chemical Education, prom- 
ises free housing to the first fifty chemistry students who apply, and accommodations at 
a nominal rate to later applicants. In any case the applications must reach Professor 
Madison before September Ist. 

The final program of the meeting will be printed in the August 20th edition of the 
News Letter of Industrial and Engineering Chemistry. 
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COOPERATION BETWEEN THE LOCAL SECTIONS OF THE 
AMERICAN CHEMICAL SOCIETY AND THE HIGH SCHOOLS IN 
THEIR TERRITORY* 


WHEELER P. Davey, ScHOOL Of CHEMISTRY AND Puysics, THE PENNNSYLVANIA STATE 
CoLLEGE, STATE COLLEGE, PENNSYLVANIA 


‘The reasons why our local sections should coéperate in every way with 
our high-school teachers of physics and chemistry lie in the very roots 
of our modern civilization. It will, therefore, be worth our while at the 
beginning of this discussion to review those conditions upon which civi- 
lization depends for its existence. 

Since the beginning of history it has been a matter of ordinary experi- 
ence that no one human being, working by himself, can expend enough 
energy during his waking hours to do much more than support a bare 
existence. Civilization requires that the individual have some time for 
study and for the pursuit of happiness. ‘The first -solution of the prob- 
lem was human slavery. ‘The slaves were, in the last analysis, a source 
of external energy whereby their owners were enabled to have all their 
own work done without being required to spend their whole time and 
effort on that work. ‘The extra time thus made available enabled the 
slave owners, even at the dawn of history, to have some of the advan- 
tages of civilization. To be a Greek or a Roman citizen was to be a 
slave owner. Except for certain of the captives in war, only the citizens 
had the advantage of the civilization of the time. In our own country, 
the high state of culture of our old southern families in pre-civil-war days 
was made possible by the existence of slaves. In the northern states, at 
about the same time, the advancement of a few depended upon the long 
work day and the low wages of the many. 

It was only by the invention of mechanical power that human slavery 
became economically impossible. ‘The use of coal, the stored-up solar 
energy of past geologic ages, made mechanical energy cheaper than the 
energy of slave labor. ‘The ethical arguments of the reformers were 
mightily reénforced by the sheer economics of the situation. It became 
cheaper to buy a horsepower of energy from a steam engine than to buy 
it in the form of food and shelter for negro slaves. ‘Today in many places 
it is even more economical to buy electric power than to buy steam power. 
This makes human labor still more expensive relatively. And so we, as 
a nation, have not only substituted the slavery of the machine for the 
slavery of the negro, but we are using our new machine-slaves to give the 
race the chance to produce more of the comforts of civilization for them- 
selves with less expenditure of human effort. 

* A paper read before the Division of Chemical perocene of the American Chemi- 
cal Society at Richmond, Va., April 14, 1927. 
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We are now on the eve of a new step in civilization, and again it is seen 
that the step is inevitable, for it is in line with world economics. ‘The 
twin sciences of chemistry and physics are enabling mankind to supple- 
ment the advantages of mechanical and electrical power with the further 
advantage of those more intimate forces of nature which have to do 
with electrons, atoms, and molecules. It is this latest advance which 
renders our active coéperation with the high schools so necessary. We 
have already entered the chemical stage of civilization. Many people 
when they hear the word ‘“‘chemistry”’ think instinctively either of acid 
factories and dye works, or of a laboratory with bottles and test tubes in 
which men are busy making chemical analyses. Actually this is only a 
small part of the field of chemistry. There is hardly a thing we use 
throughout our lives that does not depend for its very existence upon 
chemistry and the related science of physics. Without physics and 
chemistry we would have none of our modern electric lamps and no satis- 
factory sewing needles; no rubber boots and no automobiles; no tele- 
phones; and only a scanty supply of food. ‘The reason for all this lies in 
the fact that our knowledge of physics and chemistry is the result of re- 
search work. Whenever a research worker discovers a new scientific 
principle, some one at once tries to see if that principle can be used in 
making either a better product for the same expenditure of human effort 
(measured in terms of the money cost), or the same product for less 
money. If his competitors wish to stay in business they are compelled to 
do the same sort of thing. ‘These applications of new principles are so 
far-reaching that physicists and chemists of one sort or another are em- 
ployed in almost every industry in the United States from the manufac- 
ture of steam turbines to the making of chocolate candy. 

‘The new processes require more exact measurements than the old ones. 
For instance, the old pottery worker mixed his clay like his grandfather 
did. ‘The modern manufacturer of high-grade porcelain not only adjusts 
the chemical composition of the clay but also makes sure that he has the 
correct concentration of hydrogen ions. After the clay is shaped he 
dries it in a tunnel where the humidity is carefully controlled and then 
bakes it in a kiln whose temperature is carefully kept uniform to within 
a few degrees. ‘The first cost of such equipment is high but the quality 
and degree of uniformity are such that, just from the standpoint of dollars 
and cents, the factory cannot afford to go back to the old haphazard 
methods. ‘This is just one illustration of how physics and chemistry are 
changing our whole industrial system. Progressive manufacturers (and 
they are the ones who pay the best dividends) no longer rely on the skill 
of even their best employees if they can find a scientific instrument which 
will enable them to obtain a more accurate control of their factory proc- 
esses. We cannot afford to do things “‘the way grandpa did;’’ the cost 
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in dollars and cents (7. e., the total expenditure of human effort) is too 
great. 

The use of scientific apparatus in industry necessitates the training of 
men (and women) who are competent to use such apparatus. Such 
training must start in the high school. ‘The increased training that is 
required means not only a higher standard of education in the whole 
population of our country. It means an education which lays special 
emphasis on the sciences, especially physics and chemistry. It means 
that our children will be living in a “‘chemically minded”’ civilization, in 
which a knowledge of the forces of nature will be as important as a 
knowledge of how to deal with our fellowmen. 

The increased financial return to industry which results from adequate 
scientific control makes it possible for the employer to pay for the more 
highly educated class of employees which the scientific processes require. 
Without the improvements made possible by research there is a limit be- 
yond which wages cannot be raised without raising the price of the 
manufactured product. And, of course, raising the price of the product 
is always the equivalent of raising the cost of living. Research in physics 
and chemistry, coupled with intelligent management, makes it possible 
to avoid the old-fashioned race between increased wages and increased 
cost of living, for it enables the employer to raise wages and at the same 
time cut the price of the finished product. As evidence that this is not 
just a wild dream, I need only refer you to your own electric light bill. 
In spite of the tremendous increase in the cost of living since 1914, re- 
search in physics and chemistry has not only kept the cost of electricity 
from going up, but has actually made it possible, on the average through- 
out the country, to buy almost 10 per cent more electric power per dollar 
than before the war. And this has been done during a period of wage 
increases and increases in the price of coal. And so the application of the 
principles of physics and chemistry makes it possible to raise the standard 
of living without increasing its cost, and it does this without endangering 
the financial stability of the employer. The largest electrical manu- 
facturing company in the world is now paying approximately double the 
wage per employee that it did before the war and at the same time is 
selling its products for only 10 per cent more than the pre-war price. 
The president of that company has told his employees that he can see 
no limit to the daily wage which his company can afford to pay if only 
the company’s research laboratory continues to function properly. 

Physics and chemistry are not only making it possible for industry to 
pay higher wages but they are making it necessary for industry to em- 
ploy men and women with a higher standard of education. In many 
industries a good workman still needs only a knowledge of the ‘‘three 
R’s, readin’, ritin’, an’ ’rithmetic,’’ in addition to the skill of his hands. 
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But this will not be sufficient for his children. The day is not far dis- 


tant when a boy or girl starting to work in a factory with only a common 
school education will be merely an unskilled laborer, working in accord- 
ance with the readings of a control instrument operated by some more 
educated person. In order to draw more than a laborer’s pay it will be 
necessary for the boy or girl to know at least the fundamentals of chem- 
istry and physics. It makes no difference whether we, as a nation, like 
such a situation or not. ‘The advances in chemistry and physics make 
it inevitable. To stop scientific research in this country would not stop 
it in the rest of the world. It would only make it harder for our Ameri- 
can industries to compete with those of other countries. Our continued 
prosperity and the maintenance and improvement of our American 
standard of living demand a continuous increase in physical and chemical 
knowledge and its greater diffusion among our people. 

As organizations, the American Chemical Society and the American 
Physical Society can hardly be called propagandists. Neither society is 
pushing the spread of scientific knowledge for purely selfish or profes- 
sional reasons. But since the fundamental economic conditions of our 
civilization demand that the slavery of the machine be supplemented by 
the slavery of the most intimate forces of nature, it is our duty to point 
out the direction in which we are headed and to help our fellow country- 
men to adjust themselves to the inevitable change. Industry is begin- 
ning to think in terms of physics and chemistry. Our whole population 
must, because of the economics of the situation, become physically and 
chemically minded. ‘This means that these subjects, together with the 
necessary mathematics, are among the most important taught in our 
high schools. ‘The taxpayer who does not insist that his children be 
given the best possible courses in high-school mathematics, physics, and 
chemistry is likely to find that he has limited his children to day-laborer’s 
wages. 

This is a situation in which the mutual codperation between the local 
sections of the American Chemical Society and the high-school teachers 
in their territory can be of the highest value. ‘The teachers are not mere 
hired drill masters; the members of the society are not mere professional 
men trying to boost their chosen profession. Both teachers and pro- 
fessional physicists and chemists are the advance heralds of a new step 
in civilization which is close at hand and which cannot be put off. It is 
in this spirit that they can best codperate. ‘The American Physical 
Society has no local sections such as are found in the American Chemical 
Society. The secretary of the American Physical Society! has, therefore, 
been authorized by the Council of his society to send, upon request, to 

1 Prof. Harold W. Webb, Department of Physics, Columbia University, New York 
City. 
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the secretary of any local section of the American Chemical Society the 
names and addresses of physicists in their territory to the end that they 
may be invited to aid in any coéperation with high-school teachers. It 
is likely that most of these physicists would be willing to become ‘‘local 
members’’ of the local sections. It is extremely doubtful if they would 
become members of the American Chemical Society as such. Our local 
sections, reénforced by the physicists in their territory, are in a strategic 
position to help the high-school teachers of mathematics, physics, and 
chemistry impress upon the high-school students and upon the tax 
payers the importance of these subjects. ‘This does not mean the passage 
of resolutions. It means a coéperative campaign of education. It 
means lectures by professional physicists and chemists to the high-school 
pupils (always at the invitation of the teacher) on the economic applica- 
tions of science, and on the use of science in industry. It means the 
encouragement of high-school science clubs, and (at their request) a 
supply of speakers for their meetings. It even means (chairmen and 
secretaries of local sections, please note) regarding every high-school 
science teacher an ex-officio member of the local sections of the American 
Chemical Society without any tax on his slender income for the payment 
of local dues. It means that notices of all local meetings should be sent 
to every science teacher in the territory of each local section, and that 
when they attend they should be made to feel on an equal footing with 
the dues-paying professional members. It means that the high-school 
science teachers should be specifically invited to the annual regional 
meetings and should be given places on the program. 

This, then, is the picture of coéperation between the local sections of 
the American Chemical Society and the high-school teachers in their 
territories. It is a picture which goes back to the very roots of civiliza- 
tion itself, for it rests upon economic necessity. Industry cannot afford 
to do without the benefits of science. We who can look into the future 
must do our share to prepare the next generation for the environment 
which it cannot escape. We must help the high-school teachers to train 
their students to be physically and chemically minded; even to the point 
of giving them a liberal, cultural education by means of mathematics, 
physics, and chemistry. 


New Diabetes Drug Disappoints Doctors. Early accounts of clinical tests of the 
new diabetes drug, synthalin, have proved disappointing. Two French physicians 
have failed to find the new preparation of great value in the treatment of 27 cases of 
diabetes, according to the Paris correspondent of the medical journal, Lancet. 

The discovery of synthalin by Dr. E. Frank of the University of Breslau in Germany 
stirred up considerable hopefulness among the medical profession on account of the fact 
that it could be taken by mouth instead of by the hypodermic needle.— Science Service 
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EVENING COURSES IN CHEMISTRY 


W. ALBERT Noyes, Jr., UNIVERSITY OF CHICAGO, CHICAGO, ILLINOIS 


During the past few years various members of the Chicago Section 
of the American Chemical Society have been instrumental in gathering 
together groups of chemists interested in pursuing courses of study in 
the evening. An instructor was secured from one or the other of the 
universities in or near Chicago and each student paid a smal! sum, usually 
amounting to about one dollar for each two-hour lecture, the entire amount 
going to the instructor. The class meetings were held in a room in the 
City Club. One year ago the movement was officially sanctioned by 
the Chicago Section and the men who had been in charge of the courses 
formed the nucleus for a committee of the Section. During the early 
years of the movement courses were offered in elementary physical chem- 
istry, more advanced physical chemistry, colloids and physiological chem- 
istry. ‘The attendance varied from a dozen to thirty. 

Last winter at the time the movement became an official part of the 
activities of the Chicago Section, several new members were added to the 
committee. It was felt by the committee as a whole that a more proper 
setting for the courses could be found if the courses were offered by one 
of the downtown branches of the universities in Chicago. An arrangement 
was completed with the University College of the University of Chicago, 
with class-rooms in the ‘‘loop,”’ to offer such courses as seemed to be in 
demand by a sufficient number of chemists. The instructors need not 
be chosen from the faculty of the University of Chicago but may be chosen 
from the faculty of any other university in the vicinity or from among 
the industrial chemists of the city. The only requirement in the choice 
of an instructor is that the approval of the head of the department of 
chemistry of the University of Chicago must be obtained. 

The first course offered under the new plan was a composite course on 
some of the newer developments in chemistry by Professors Stieglitz, 
Harkins, and Schlesinger (although illness prevented Professor Schlesinger 
from giving his four lectures). The course was given the same credit 
as a corresponding course on the main campus of the University of Chicago, 
namely, one half major (one and two-thirds semester hours) for twelve 
two-hour lectures. Those students who desired college credit prepared 
a term paper, as the instructor in a graduate course at the University 
has the option of requiring a term paper or of giving a final examination. 
‘The interest in such courses was demonstrated by the unexpectedly large 
enrolment of seventy-nine. 

In general, few important changes were brought about by the transfer 
of the courses to University College. ‘The instructor is now paid by the 
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University according to its scale for evening course work. College 
credit may be obtained, and those who wish to attend the lectures without 
obtaining credit may register as ‘‘visitors.” ‘The charge for the course 
is approximately the same as under the old plan, except that students 
who have not previously been enrolled in the University of Chicago must 
pay a matriculation fee. One distinct advantage is that the instructor 
may now require certain prerequisites which make for greater homogeneity. 
in the classes. On the whole the plan as it is now in operation is a distinct 
help to those students who for one reason or another wish to obtain 
college degrees and, in addition, the University helps to a certain extent 
in the matter of publicity for the courses. 

During the fall quarter (1926) courses of twelve two-hour lectures each 
have been offered in mathematics for chemists and in theories and methods 
of analysis. During the winter and spring quarters (1927) courses are 
offered in physics and inorganic chemistry. 

One of the chief difficulties encountered by the committee was in finding 
topics for courses which would interest sufficiently large numbers of chem- 
ists, as the number of topics suggested was usually nearly equal to the 
number of persons expressing opinions. Questionnaires were sent out 
with the hope of obtaining data on which to base plans, but the answers 
usually showed such a large variety that it was found necessary to limit 
the number of possible courses which might be offered. For the guidance 
of University College, the seventy-nine members of the course last spring 
filled out questionnaires and in addition questionnaires were sent to all 
members of the Chicago Section and to certain others interested. 

We may divide the students in the evening courses into the following 
general categories: (1) Students, frequently not in chemical work, who 
have a more or less philosophical interest in science and wish to become 
familiar with recent theories and developments. ‘This class of students 
does not usually desire college credit. (2) Students who do not care 
for college degrees, but who feel, for various reasons, that their training 
in the fundamental principles was not sufficiently thorough. Such stu- 
dents usually desire courses in physical chemistry, thermodynamics, or 
physics. (3) Chemists who for one reason or another have not completed 
the work for some particular degree and wish college credit. This type 
is more numerous now that the courses are given by the University. 
Occasionally these students take courses as many undergraduates take 
them, that is, to obtain credit and with little reference to the title of the 
course. In general, however, most students in the evening courses have 
something definite in mind when they enroll. (4) Chemists who have 
encountered some difficult or annoying problem in their daily work and 
wish to obtain a clue to its solution. Students of this type are frequently 
not very regular attendants at the lectures. Their questions are apt 
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‘to be quite pointed and very difficult to answer. This type of student 
is most often encountered in a course on colloids. 

As may be readily imagined a group of students for a given course 
will always prove to be heterogeneous. ‘There are students with doctor’s 
degrees and students with scarcely any college training (although this is 
the exception), doctors of medicine, analysts, research chemists, chemists 
from all of the walks of chemistry. Asa result the problem for the instruc- 
tor is a difficult.one. The writer has had classes involving special fields 
of physical chemistry in which there were students from the sophomore 
year to Ph.D.’s in physical chemistry. It is almost impossible to interest 
all members of such a class equally. A given lecture is almost sure to be 
over the heads of a fraction of the students. There is one decided advan- 
tage over the ordinary college course, namely that all or nearly all of the 
students enrolled are chemists and are interested in chemistry. 

The subjects desired by those interested in evening courses might well 
afford food for thought for some of the directors of chemistry departments 
in our universities. The students come largely from the industries, 
and there are frequently a few teachers. With relatively few exceptions 
courses involving fundamental principles are desired and almost without 
exception courses in some phase of physical chemistry. ‘There are several 
reasons for this. For one thing most small colleges do not give courses 
in physical chemistry. Another possible cause may be found in the atti- 
tude of students as undergraduates. Physical chemistry and thermo- 
dynamics do not seem to have much intimate connection with the indus- 
trial processes they have heard described and it is not until they leave 
the university that they realize the importance of the much-despised 
“theory.” And then again, instruction in physical chemistry in many 
of our universities leaves much to be desired. 

In any case the students seem to realize that a university instructor 
cannot be expected to display a detailed knowledge of industrial prac- 
tices. The demand is, therefore, not for purely informational courses, 
but for courses which develop a new attitude toward chemistry. For 
example, it was illuminating to find how many students were interested 
in the Debye-Hiickel inter-ionic attraction theory and in such things 
as oriented adsorption. ‘The students on the whole are more serious 
than ordinary undergraduates. ‘They expect to get something definite 
out of the course and do not care to waste time on non-essentials. For 
this reason it is possible to cover more ground in a given time than in 
anormal course. ‘There are, of course, certain disadvantages to an evening 
course and particularly to two-hour lectures, although it is difficult to 
devise another system equally satisfactory. Most of the students have 
worked hard all day and find it difficult to concentrate. In addition 
they do not have much time for outside work, For these reasons it has 
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not been the intention of the committee to offer courses which replace 
those taken during the regular four-year course in chemistry. ‘The evening 
courses have their place in filling loopholes in early training, particularly 
in courses which are not of the fundamental type (general chemistry, 
qualitative and quantitative analysis, elementary organic chemistry, 
and elementary physical chemistry). Once a student is out of the chem- 
ical cradle the courses are useful in helping him become familiar with a 
special field or in satisfying his curiosity about recent developments in 
the field of theoretical chemistry. 


Seek Oil in Mud at Bottom of Sea. A long look ahead in the oil industry is being 
taken by Dr. Parker D. Trask, research associate of the American Petroleum Institute. 
Backed by a grant from the John D. Rockefeller fund of the Institute, he is sampling 
sea-bottom muds and sands in order to throw new light on the question of the origin of 
petroleum. 

Dr. Trask’s attention was turned to the sea bottom by the fact, long known to 
geologists, that the supposed source beds of most of the present-day oil fields are marine 
in origin. Though these were laid down many millions of years ago, they must have 
had at least the raw materials of oil scattered through them then, which was later 
concentrated in the pools now being drained. 

Samples of sea-bottom muds and sands were taken from shoal waters in two regions, 
off the coasts of southern California and of North Carolina, and their oil-producing 
capacity determined by distillation, by burning out everything combustible, and by 
other chemical and physical methods. 

“All types of sediment, from clay to sand, upon distillation produced oil,” Dr. | 
Trask reports. ‘The yield was low, and in general varied in amount with the degree 
of fineness of the sediments, ranging from a maximum of 2.7 gallons per ton in a clay 
silt to almost nothing in a sand. ‘This maximum yield of 2.7 gallons per ton is but 5 
or 10 per cent the amount obtained from the better grades of oil shale, which run from 
30 to 50 or even more gallons per ton.” 

The work so far carried on is regarded merely as a preliminary reconnaissance, to 
be followed by more exhaustive research both in the field and the laboratory.—Science 
Service 

Radio No Fertilizer, Experiments Indicate. Radio waves will never make two 
blades of barley grow where one grew before, declare plant physiologists of the U. S. 
Department of Agriculture, in reply to statements ascribed in a recent news item to 
Admiral W. H. G. Bullard, chairman of the Federal Radio Commission. Admiral 
Bullard was quoted as saying that barley planted under the radio towers at Arlington 
grew so high that it overtopped men walking through it, due to the influence of the 
radio waves. 

Many researches have been conducted in electriculture to determine this very 
point, the scientists state, and the results have always been either inconclusive or dis- 
tinctly negative. The Arlington barley, it is pointed out, had no “‘control.’”” That is, 
there was no other plot of barley planted on exactly similar soil but removed from the 
possible influence of the waves. Without such “‘controls’ no biological experiment 
has any value whatever. In the experiments of the plant physiologists there were 
always “control” plants, which showed little or no difference from the ones exposed 
to the electrical waves.—Science Service 
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CHEMISTRY AS MATERIAL IN VOCATIONAL ADJUSTMENT 


A. ScHwartz, TEACHERS COLLEGE, CoLUMBIA UNIVERSITY, NEw York City 


At this time when the subject-matter and method of chemistry in 
education is being evaluated and tested on the high-school and college 
level, it may be in place to point out its possibilities in other fields. Chem- 
istry as a necessary tool in the scientific professions has long been recog- 
nized. ° While there is still a considerable amount of wasted effort in making 
chemistry available to the specialized scientific worker, there is evidence 
that the problem is gaining recognition and no doubt a solution will be 
forthcoming. On the high-school level, the objectives set for chemistry 
are for the most part within the limits of the cardinal principles of secondary 
education. Achievement of these goals, however, on any significant 
scale, has still to be demonstrated. Fortunately, the problems of high- 
school chemistry are at present being more seriously and more vigorously 
tackled than any other phase of science teaching. However, very few 
attempts have been made to organize or even to suggest the necessity 
for organizing chemistry for those who are not to enter the professional 
fields and who may or may not attain high-school graduation, and for 
those who are already working in chemical industries. It is the purpose 
of this paper to point out what the problem really is and to indicate the 
possibility of its solution. 

The percentage of children who reach high-school age and go on further 
_ in school has trebled during the last thirty years, and the percentage of 

children who graduate from high school has increased even more.! 
While there is a tendency for high-school graduates to follow ‘‘the white- 
collar professions,’’? it is evident from the increase in the number of grad- 
uates, that a greater and greater percentage of these will be drawn into 
the trades or semi-professions. ‘Thorndike and Symonds point out that 
the supply of high-school graduates is increasing so rapidly that in the 
future any reputable trade or semi-profession will demand high-school grad- 
uation. ‘That such a requirement for admission to the trades will be increas- 
ingly demanded is evident from the emphasis that the leaders in vocational 
guidance are placing on the importance of high-school training. Vocational 
guidance, however, in carrying out its function, has the effect of increasing 
the number of those who will eventually be drawn into the trades and in- 
dustries. Its main purpose is, in fact, to point out the chances for success 
the individual has in any particular occupation. 

It may be appropriate here to indicate briefly the significance of the 

1 Thorndike and Symonds, ‘Occupations of High-School Graduates and Non- 


Graduates,” Sch. Rev., 30, 450 (1922). 
? A. C. Monahan, “High-School Pupils and White Collar Jobs,” Ind. Arts M., 13, 


451 (1924). 
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vocational guidance movement. A recent survey® shows that 258 cities 
carry on some phase of vocational guidance work and a number of the 
larger cities have developed complete programs in connection with the 
. public-school system. ‘This field of work is increasing very rapidly as , 
: junior high schools, trade, and continuation schools are being developed. 
ce Among the chief aims of vocational guidance are assisting the individual 
in getting proper training in his chosen occupation and following up his 
progress after entering upon the job. Vocational guidance leaders rec- 
oo. ognize that they cannot fully carry out their program without the co- 
ie operation of educators and employers. Chemistry, if properly organized, 
can be of assistance not only to those who are to enter special trades but 
it can help those who are employed in chemical industries. In the 106 
fa different divisions of chemical and allied industries listed by the United 
- States Census Bureau in 1920 there are, roughly estimated, one million 
: employees.‘ ‘These industries are under direct control of twenty thousand 
chemists. Employers and managers are beginning to realize, with the 
psychologists, that efficient production depends on other factors besides 
wages and hours of labor. ‘The worker must have an interest, an emotional 
satisfaction in what he is producing. ‘‘Without interest a worker is a 
slave, a drudge; with it a God, acreator. ‘Touched by the galvanic spark 
of interest he sees new significance in his work; he relates his job to the 
great forces driving the universe.’’®> In order to develop an interest in his 
job, the worker should be given some information about the sources of 
the raw material, the changes that the material undergoes during the 
process of manufacture and what becomes of the final product. A million 
persons actively engaged in chemical industries are eagerly awaiting some 
information about the work they are doing. Industrialists may well take 
note that there is evidence that such information actually brings about 
an increase in efficiency of production. ‘The problem for those interested 
in chemical education is in reorganizing the chemistry of these industries 
into terms that will be easily understood by the workers in these occupa- 
tions. 

The leaders in the vocational guidance movement recognize the impor- 
tance of chemistry in certain trades.6 Some of the occupations listed, in 
which a knowledge of chemistry is found to be essential for advancement, 
are those of the baker, cook, candy-maker, photographer, nurse, janitor, 
painter, paper-hanger, laundry-worker, dyer, printer, engraver, plumber, 


3 U.S. Dept. of Labor, Children’s Bureau Bull., No. 149, Vocational Guidance and 
Junior Placement. 

* Chem. Age, 30, 268 (1922); 31, 231 (1923); 32, 387 (1924); 33, 21 (1925). 

5 Kitson, H. D. “The Psychology of Vocational Adjustment,” J. B. Lippincott Co., 


1926 


6 Gowin, Wheatly and Brewer, ‘‘Occupations,”’ p. 38, Ginn & Co., 1923. 
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and garage worker. It has been previously pointed out that an increasing 
number of high-school graduates will be drawn into the trades, it may also 
be added that as vocational guidance becomes firmly established in the 
public-school system, a great number of students will definitely know for 
what trade they are best fitted and intend to follow before they reach the 
senior year in high school. The problem here would then be to organize 
a course in chemistry around these specialized occupations. 

At this point the skeptic is surely ready to deal his knockout blow— 
“What chemistry can you teach the rubber worker, the tanner, the photog- 
rapher, the laundry worker, the plumber, the baker, and the printer?” 
Fortunately, in the light of present-day tendencies of curriculum recon- 
struction in line with scientific laws of learning and the attention given 
to adult education, such a blow will strike upon thin air. At no distant 
date one may expect to find a lot of current high-school or even first-year 
college chemistry in the lower elementary grades. ‘The writer recently 
observed a class of sixth-grade pupils at the Horace Mann School of 
Teachers College prepare oxygen and discuss its properties. The en- 
thusiasm shown and the amount of chemistry learned would have done 
credit to a much more mature grade of present-day chemistry students. 

With the proper stimulus and organization, the worker in industry, 
the pupil preparing for his life’s vocation, and the child in the elementary 
grade can each absorb and assimilate his rightful share of chemistry. 
As science finds its place in the elementary grades and in the junior high- 
school level, chemistry adapted to special interests of students will not 
find itself out of place in the curriculum. In line with the vocational 
guidance movement, those interested in chemical education may well 
afford to sound the problems of chemistry as it is related to the training for 
‘specialized trades, as well as to those who will find themselves employed 
in chemical industries. 


New German Anesthetic Does Not Sicken Patient. A new anesthetic known as 
“avertin’”’ is being tried out in German hospitals and promises to be a useful supplement 
to the ones now in use, if indeed it does not eventually replace them altogether. It is 
not administered through a mask, as ether, chloroform, and other present-day anes- 
thetics are usually given, but is introduced in solution into the intestines. ‘The ether 
cone is terrifying to some patients, and has a bad psychological effect at the very critical 
time of a major operation, it is explained; so that a method which does away with its 
use has a distinct advantage. Other anesthetics have sometimes been administered 
through the intestine, but they have either been ineffective or have irritated the lining 
of the digestive tract. 

A further advantage claimed for avertin is the absence: of headache, nausea, and 
other ill effects that usually haunt patients after recovery of consciousness. 

Chemically the new anesthetic is simply ordinary ethyl alcohol with three atoms 
of hydrogen taken out and three atoms of bromine put into their places. Its formula 
is given as CBr;CH,OH.—Science Service 
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A CHEMISTRY CURRICULUM FOR EVERY MAN’S SON AND 
DAUGHTER* 


GRETCHEN KAUFMAN, FAIRHAVEN HIGH SCHOOL, BELLINGHAM, WASHINGTON 


During the last ten years the status of high-school chemistry has changed 
from that of a subject taken only by those who intended to continue it 
in college to that of a “‘popular”’ subject, at least as evidenced by the num- 
bers enrolled. And with the changes in the trend of modern education 
is coming a demand for a revised curriculum in chemistry which shall 
keep it, too, abreast of the times. 

Our curriculum in chemistry must be determined by two chief factors, 
namely, the objectives in view and the type of student material, while 
the objectives in turn will be influenced by the type of this raw material. 

The student material that enters the freshman chemistry laboratories 
of our colleges and universities is truly appalling, and it is quickly weeded 
out with a somewhat ruthless hand, but into our high-school chemistry 
classes comes a group whose individuals vary much more widely. We 
pass on to the colleges the cream of our students—not always of the quality 
which we would desire, it is true, but nevertheless the cream. On our 
hands is the problem of adapting the course to pupils who differ strikingly 
with regard to three points: first, general ability; second, general infor- 
mation; and third, previous training in science. As one of the results 
of a recently administered Terman test, we find what encouragement 
we can in the fact that two-thirds of the best fifty per cent are taking or 
have taken chemistry, but we are also compelled to face the fact that 
one-half of the lowest fifty per cent are also taking it; that though we 
have eight of the best ten in the senior class, we also have two of the 
worst ten; that though we have all of the best five, we also have one of 
the poorest five. 


Did Not Know 
Right (wrong or omitted) 


% % 
Plants breathe in oxygen 40 60 
Ice melts at 32 degrees Fahrenheit 28 72 
Water boils at 100 degrees Fahrenheit 53 47 
A block of aluminum will float on water 54 46 
_ Household thermometers read in degrees Centigrade 67 33 
Household electric lights give light without heat 85 15 
Smoke is chiefly unburnt carbon 40 60 
A sudden contraction of gases forces the bullet out 
of the gun 42 58 
Shadows on the negative correspond to those on the 
print 42 58 
A meter is about 100 feet 40 60 


* Read before the Washington State Association of Chemistry Teachers, October, 
1926, 
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The difference with regard to their fund of general information is as 
striking as the difference with regard to ability. ‘The preceding are listed 
as among the more significant figures obtained from administering the 
Illinois Aptitude Examination in Chemistry, to the entering students 
in this fall’s chemistry classes, the facts being given as statements which 
were to be marked as “‘true’’ or ‘‘false.”’ 

The pupils coming into our high-school chemistry classes vary, not 
only with regard to general ability and general information, but, as might 
be expected, they differ in the amount of time in which they have been 
previously exposed to science courses. This is determined to some ex- 
tent by ability, and in turn determines general information, but is in itself 
significant. Among our recent classes we find the following approximate 
figures: 

3% have had no previous science classes 
25% have had only general science 
3% have had only general science and physiology 
3% have had only general science and physics 
3% have had only physics 
6% have had only general science and biology 
25% have had general science, biology, and physiology 
4% have had general science, biology, and physics 
28% have had general science, biology, physiology, and physics 


We cannot escape wondering why these people who have elected science 
in their senior year have had so little, in approximately thirty per cent 
an almost negligible amount of science during their first three years of 
high school. ‘Truly, a course in chemistry which is to be intelligible to 
them must take little for granted in the way of previous scientific infor- 
mation. It somewhat complicates the handling of a text which lists 
algae as among the chief sources of iodine, when three-fourths of the class 
do not know what algae are; which states that zinc is used for all bat-’ 
teries except storage batteries, when only a small per cent, scarcely more 
than those who have had physics, know the difference between a storage 
battery and any other kind of a battery; and which lists enzymes as ex- 
amples of catalysts, when so few of them know what enzymes are. 
New objectives must be established for this motley group. Whatever 
our theoretical objectives have been, up until recent years our practical 
aims have been to send to our universities and colleges a group which 
should do us credit; and we have shaped our curriculum to fit our objec- 
tives. Having been properly told that the high schools were failing in the 
preparation of students for college chemistry, we are somewhat tardily 
altering our objectives. We must rather aim at the development of habits 
of cause-and-effect thinking; at the development of a desire to know 
why, and of true respect for the accomplishments of science. We must 
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give to these pupils who are to go no farther scholastically, a vocabulary 
that will be to them an “Open Sesame’”’ to the wonders of modern chem- 
istry as related to radio, to aeronautics and to modern industry, while 
behind these aims will lurk the hope that we may ignite some spark of 
genius which shall light still further these mazes of chemistry. 

Our curriculum must be as broad as our objectives, as varied as our 
pupils. For our beginners, it may well contain less that is quantitative 
and more that is qualitative; less mathematics and more method. It 
should contain more of the biography and history of chemistry, of the 
life of Priestley whose pneumatic trough was a much prized gift; of the 
young Irishman, Boyle; of the splendid life and tragic death of Lavoisier; 
of the devotion of the Curies to each other and to their work; and of the 
most loved chemist, Pasteur. We will more nearly accomplish our 
objectives by including more of the applications of chemistry to modern 
industry and to everyday life, accomplishing this in large part by bulletin- 
board material and by directed reading such as is encouraged by the re- 
cent Chemical Essay Contests. The modern tendency to prolong the 
school life of the individual has brought to us in the senior year of the 
high school many who are intellectually incapable of accomplishing the 
work as outlined in the curriculum planned for the seniors of ten or more 
years ago, and it is our responsibility to so revise the curriculum that it 
may benefit these, as well as our college-preparatory students. 


Light and Heat Speed Plant Growth. Spring wheat harvested 35 days after sowing; 
red clover in flower 38 days after seeding; a large head of lettuce grown in three weeks. 
These ate the remarkable results obtained through the use of artificial light, heat, and 
atmosphere at the Boyce Thompson Institute for Plant Research. 

Three things are responsible for this speeded up plant growth, Dr. John M. Arthur 
explains in a report to the Engineering Foundation. One is bright illumination, in 
some cases for 24 hours a day. Another is high temperature. The third is increased 
amounts of carbon dioxide in the atmosphere. 

The researches were made in an effort to find out how plant processes may be 
made more efficient. Photosynthesis, the scientist’s name for the method by which 
light causes substances to combine, makes plant growth possible. In nature it is 
a very inefficient operation. Only about one per cent of the energy that falls on the 
plant is utilized. 

Many plants can use more light than they get from nature. If such plants are 
kept continually under an arc light, or if artificial light is used to supplement daylight, 
their growth is hastened. Wheat and clover will stand full 24 hours of light a day. 
The tomato, however, needs a rest, and it grows fastest with 12 hours of daylight and 6 
more of artificial light. 

Commercial application of these facts is not yet in sight, Dr. Arthur points out. 
Every day 1500 kilowatt hours of electricity were used during the plant tests. The 
ordinary home seldom uses more than one kilowatt hour a day. But, says Dr. Arthur: 
“From researches like these may come in time new means for producing some 
foods and fuels and other supplies for human needs. Economic achievement, however, 
yet appears remote except in small scale operations.”’—Science Service 
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THE STOCKHOLM PAPYRUS 

An English Translation with Brief Notes . Te 

RapciiFFE Caley, CoLumMBus, OHIO 
I. Introduction 


In a recent issue of THIS JOURNAL the writer had the privilege of publish- 
ing an English translation of the famous Leyden Papyrus X together 
with a few brief comments and notes on its history, contents, and sig- 
nificance.' The present article is a similar translation of the contents 
of the less well-known Stockholm Papyrus. This papyrus likewise has 
never been translated into English as far as the writer is aware, although 
Stillman in his interesting “Story of Early Chemistry,” has paraphrased 
several of the most representative recipes. It is offered here in the hope 
that it will prove of some interest to teachers and students of the history 
of chemistry. The contents of the papyrus are equally important for 
the early history of technical chemistry and, if anything, are more varied 
and comprehensive than those of the one at Leyden. As a matter of 
fact the two papyri are complementary and taken together they give 
an excellent cross-sectional view of the operations and aims of chemical 
technology in the beginning centuries of the Christian Era. They are 
the only original laboratory documents that have come down to us from 
that period and hence their great value for the history of chemistry, es- 
pecially on account of the light they throw upon the beginnings of alchemy. 

Both of these earliest chemical manuscripts were brought to light in 
the early years of the last century by Johann d’Anastasy, the vice-consul 
of Sweden at Alexandria, Egypt. This collector sold the major portion 
of his invaluable collection of papyri to the Netherlands government 
in the year 1828, Included in this collection of papyri was the Leyden 
Papyrus X, first translated (into Latin) and made public by Leemans 

\ in 1885. At that time it was believed by historians of chemistry that 
this was the sole original document relating to chemical technology that 
was dated as early as the third century A.D. In the year 1913, however, 

: Otto Lagercrantz, a Swedish philologist, published the Greek text with 

a German translation and an extended commentary of a very similar 

chemical papyrus.? His investigations as to the source of the papyrus 
developed the fact that it had been presented by Johann d’Anastasy, 
the discoverer of the Leyden Papyrus, to the Swedish Academy of An- 
tiquities at Stockholm in the year 1832. Here it had unfortunately re- 
mained unnoticed for some seventy-five years until it was transferred 


1 See Tus JOURNAL, 3, 1149-66 (Oct., 1926). 
2 Otto Lagercrantz, ‘‘Papyrus Graecus Holmiensis,” Almquist and Wiksells, 


Upsala, Sweden, 1913. 
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to the Victoria Museum at Upsala, Sweden, in the year 1906. It was 
there brought to the attention of the above-named scholar, who first 
published its contents in the year 1913 giving it the title Papyrus Graecus 
Holmiensis or in other words the Stockholm Papyrus. ‘This philologist 
made a very thorough study of the contents, language, and symbols of 
the papyrus and carefully compared it with the one at Leyden. His 
philological studies made it evident that the two papyri were both written 
at the same period and indeed in part at least by the same unknown writer. 
The Leyden Papyrus, however, deals chiefly with metals and alloys 
and makes little or no mention of some of the other phases of technical 
chemistry. This singular fact was remarked by Berthelot in his studies 
of the document.* The Stockholm Papyrus, on the other hand, deals 
only slightly with metals and alloys and emphasizes the arts of dyeing, 
imitating precious stones, and other operations. ‘Taken together they 
form a technical recipe book of the chemical arts as they were known 
and practiced about the third or fourth centuries A.D. 

The Stockholm Papyrus is formed of fifteen loose papyrus leaves measur- 
ing about thirty centimeters in length and about sixteen centimeters in 
width. ‘These correspond very nearly in size with the double sheets of 
the Leyden Papyrus X. Like the Leyden Papyrus it is in an excellent 
state of preservation. ‘There are from forty-one to forty-seven closely 
written lines of Greek capital letters on each page. The pages are num- 
bered consecutively although the separate recipes are not. It is purely 
and simply a collection of recipes like the Leyden Papyrus with but few 
traces of any theoretical considerations. ‘There are numerous duplica- 
tions, abbreviations, and omissions in these recipes as though, as was 
probably the case, they were simply intended as reminders to those already 
skilled in the practice of the arts they deal with. A total of one hundred 
fifty-four recipes is contained in the papyrus. Only nine of these deal 
with metals. There are some seventy recipes treating of the art of imi- 
tating precious stones and of improving the appearance of genuine ones. 
The remaining recipes deal chiefly with the mordanting and dyeing of 
cloth. The last one is of quite a different character than the remainder 
and its significance will be discussed in the brief commentary following 
the translation. : 

The translation which now follows is based upon both the Greek text 
and the German translation of Lagercrantz. An endeavor has been 
made to give a faithful English version as far as possible although the 
exact nature of some of the substances mentioned in the papyrus is difficult 
to determine with accuracy. For these cases and for others where a little 
explanation is deemed necessary brief notes follow the recipe containing 

* Berthelot, “Introduction a 1’Etude de la Chimie Des Anciens et du Moyen 
Age,” Paris, 1889. 
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them. Words in parentheses are lacking in the original but are added 
to give a true meaning in English where it has been thought necessary. 
For purposes of greater convenience in referring to them the translator 
has taken the liberty of numbering the recipes consecutively although 
in neither the original nor in the German translations of Lagercrantz 
was this done. A few short comments upon the chemical aspects and 
the general technical significance of the recipes will follow the translation. 


II. The Translation 


-1. Manufacture of Silver. 

Plunge Cyprian copper, which is well worked and shingled for use, into dyer’s vinegar 
and alum and let soak for three days. Then for every mina of copper mix in 6 drachmas 
each of, earth of Chios, salt of Cappadocia and lamellose alum, and cast. Cast skillfully, 
however, and it will prove to be regular silver. Place in it not more than 20 drachmas of good, 
unfalsified, proof silver, which the whole mixture retains and (this) will make it imperishable. 


Many of the substances used in ancient times were named according to their place 
of origin rather than from their chemical nature. This is well shown in this recipe. 
The island of Cyprus was a famous source of copper in ancient times. The term alum 
or “alumen’’ referred to a variety of natural products which were usually impure mix- 
tures of iron and aluminum sulfates put up in various forms. The “‘earth of Chios” 
was probably a kind of a clay, while ‘‘salt of Cappadocia” was our common salt, from a 
chemical point of view. 


2. Another (Recipe). 

Anaxilaus traces back to Democrites also the following recipe. He rubbed common salt 
together with lamellose alum in vinegar and formed very fine small cones from these and let 
them dry for three days in the bath chamber. Then he ground them small, cast copper to- 
gether with them three times and cooled, quenching in sea water. Whatever comes out will 
show a purification. 


3. Another (Recipe). 

Purify white tin four times and melt together 6 parts of this and 1 mina of white Gala- 
tian copper; rub off and make what you wish. It wll be silver of the first quality, except 
that the artisans can notice something (peculiar) about it because it is formed by the pro- 
cedure mentioned. 


4. Purification of Tin. 

The purification of tin, which enters into the alloy with silver, is done in the following 
way. Let pure tin cool, coat it with oil and bitumen, and melt it four times. Lay it aside 
after washing in a clean manner. Alloy 6 parts of this and 7 parts of Galatian wane? with 
4 parts of silver and it will be regarded as wrought silver. 


5. Doubling of Silver. 
It is done by different procedures. Melt Cyprian copper, which is purified with 
‘‘coral,”’ six times and add silver for the purpose of doubling. 


6. Another (Recipe). 

Dip clippings from small copper plates into brine and let them soak six days in alum 
and brilliant earth which have been previously dissolved in fresh water. Melt it afterwards 
and gradually alloy silver with it. 
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The exact nature of the shining or brilliant earth mentioned in this recipe and the 
following one is impossible to determine. 


7. Another (Recipe). 

In addition to these recipes (is) also the following. Galatian copper 1/2 part, silver, 
and ordinary tin, which the western Iberians among whom it is produced call bulla just as 
the Romans do. The copper is first melted, then the silver, and after two heatings, the tin. 
Then when the whole has become soft, remelt it many times and cool with brilliant earth, 
held in readiness, which is previously dissolved in spring water. Take out and quench 
the resulting lumps, heat them again, and indeed many times, until very white silver comes 
from them. Remove then and shingle, rub and polish with talc, and work up the silver thus 
doubled. And tripling is done in the same way with the above-mentioned distribution of 
weights. 

8. (No Title.) 

On the other hand, an inexhaustible mass can be prepared from the foregoing recipe 
for doubling. Take off 8 drachmas from the lump, mix just as many drachmas of silver 
with the lump, and remelt it at the same time. Do this three times, cool, and set away in talc. 


9. Manufacture of Silver. 

Buy charcoal which the smiths use and soften it in vinegar one day. After that, take 
1 ounce of copper, soak it thoroughly in alum, and melt it. After that, take 8 ounces of mer- 
cury but pour out the mercury thus measured into a secretion of poppy juice. Take also 1 
ounce of silver. Put these materials together and melt; and when you have melted them, put 
the lumps so formed in a copper vessel with the urine of a pregnant animal and iron filing 
dust (for) 3 days. And the singular cloudiness which you will get on taking out is a sign 
of the natural fluctuation by which the mixture finds itself of equal composition by weight. 


10. Whitening of Pearls. 

To make brownish pearls white when this is due to smoke. Take about 1 obulus of 
honey which is unadulterated and add to it 2 cups of cistern water. Make honey water out 
of this and pour it in a small jar. Bruise fig root small and put itin. If it pops while you 
are cooking it remove away from the fire and calm it with the liquor. After you have made it 
really soft, and have stirred and measured it with the nail, smear the pearls with it and let 
itharden. Wipe it off with a pure linen rag and the pearls will at once show their whiteness. 
If they do not yet appear to you to have become entirely white, coat them anew, for the more 
you coat them and wipe them off the whiter they become. However, when it is cooked, do not 
cook it again, but use it all at once (and) at the same time. 


11. Another (Recipe). 

Take the pieces of mother of pearl or the pearls and put them into bitch’s milk. Put 
the cover upon the vessel and leave it there 2 days and 2 nights. Draw them out, as they lie 
there strung on asses’ hair, and observe whether they have become white. If not, put them 
in again until they become excellent in this respect. If you afterwards besmear a man with 
this he becomes leprous. 


12. Another (Recipe). 

By the following procedure one likewise makes papyrus sheets, which are written upon, 
clean again so that they appear as though they never had been written upon. Take and dis- 
solve natron in water. Ther put in, when the soda solution has formed, 1 part of raw earth, 
1 part of Cimolian earth, and cow’s milk in addition so that all of it comes to a glutinous 
mixture. Then mix in oil of mastic and daub it on with a feather. Let it dry and then 
scale it off and you will find the pearls white. If they are a deep yellow, daub it on again. 
If dealing with a papyrus sheet only coat the characters. 
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The “nitron” of the Greeks referred to the natural deposits of alkaline salts from 
various sources. The uses to which it was put shows it to have been essentially sodium 
carbonate so that the term natron as used here is not thought inappropriate as an in- 
clusive term for all such alkaline deposits. Cimolian earth was perhaps a kind of a clay. 


13. Another (Rectpe). 
First take and etch the pearls in the urine of an uncorrupted youth; coat them with alum, 


and let dry on them what remains of the corrosive. Then take and put mercury and fresh : 


bitch’s milk into a clay vessel, heat all together and in doing so regulate what takes place. 
Use only foreign coals and a gentle fire. 


. 14. Preparation of Carnelian. 

Dissolve alkanet in oil. After that, put in the blood of a pigeon, and fine Sinopian 
earth and a little vinegar in order that the blood does not coagulate. Place selenite in it, 
close the vessel and place it amidst the dew for ten days. If you wish to make the stone very 
brilliant, arrange it so as to wrap it in horse hair, tie this on, and put it in the dye bath. 


It is not certain whether what we term as selenite was used here, but at any rate 
it was some kind of a transparent stone capable of absorbing color, and it appears very 
probable that our selenite was used. 


15. Preparation of Lapis Lazuli. 
The lapis lazuli employed is first dipped in the bile of a tortoise and then placed in 
the dye bath for amethyst for just as many days as for this and so forth. 


16. Purification of Crystal. 

The purification of a smoky crystal. Put it in a willow basket, place the basket in the 
boiler of the bath and leave the crystal there 7 days. Take it out when it is purified, and 
mix warm lime with vinegar. Stick the stone therein and let it be etched. Finally, color 
it as you wish. 


17. Preparation of Emerald. 

Take and put so-called topaz stone in liquid alum and leave it there 3 days. Then 
remove it from this and put it in a small copper vessel in which you have placed pure un- 
adulterated verdigris along with sharp vinegar. Put the cover upon the vessel, close up the 
cover, and gently keep a fire under the vessel with olive wood for 6 hours, otherwise the longer 
you maintain the fire, the better and deeper will the stone be—only, as I say, with a gentle 
fire. Cool and lift the stone out. Its condition will show whether 1t has become emerald. 
That is to say, you will observe that a green film has formed upon it. Let it become slowly 
cooled, however; if not, it soon breaks. Put oil in a small box-tree vessel many days before- 
hand so that the oil is purified and the product from it can be taken off. Put in the stone 
and leave it under cover 7 days. On taking out you will have an emerald which resembles 
the natural ones. 


18. Manufacture of a Pearl. 

Take and grind an easily pulverized stone such as window mica. Take gum tragacanth 
and let it soften for ten days in cow’s milk. When it has become soft, dissolve it until it 
becomes as thick as glue. Melt Tyrian wax; add to this, in addition, the white of egg. 
The mercury should amount to 2 parts and the stone 3 parts, but all remaining substances 1 
part apiece. Mix (the ground mica and the molten wax) and knead the mixture with mer- 
cury. Soften the paste in the gum solution and the contents of the hen’s egg. Mix all of 
the liquids in this way with the paste. Then make the pearl that you intend to, according 
toa pattern. The paste very shortly turns to stone. Make deep round impressions and bore 
through it while it is moist. Let the pearl thus solidify and polish it highly. If managed 
properly it will excell the natural. 
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19. Production of Ruby. 

The treating of crystal so that it appears like ruby. Take smoky crystal and make the 
ordinary stone from it. Take and heat it gradually in the dark; and indeed until 1t appears 
to you to have the heat within it. Heat it once more in gold-founder’s waste. Take and dip 
the stone in cedar ot mixed with natural sulphur and leave it in the dye, for the purpose of 
absorption, until morning. 

20. Preparation of Green Stone. 

Take and work crystal—(that) with the surname, chimney (crystal)—weighing not more 
than two drachmas, into ordinary stones. Take and grind Macedonian verdigris and the 
leaves of wintercherry to suitable fineness. Dissolve the rubbings in sharp vinegar and heat 
the vessel with a gentle fire until the stones become green. These stones also should hang in 
a basket so that one can take them out and see whether they have become green. If not, put 
them in again until they become so. 


21. Another (Recipe). 
Verdigris and vinegar, verdigris and oil, verdigris and calves’ bile; these form emerald. 


22. Preparation of a Peari. 

Etch crystal in urine and alum for several days. Take and boil together over a gentle 
fire with the crystal the juice of the scarlet pimpernel, which bears blue flowers, of houseleek, 
and of spurge; and besides the juices, mercury in addition. 

23. Preparation of a Pearl. 

Etch crystal in the urine of an uncorrupted youth and round alum; then dip it in mer- 

cury and woman’s milk. 


24. Corroding of Stones. 

A corrosive for any stone. Equal amounts of alum and natron are boiled in an equal 
amount of water. The small stones are then etched. Previously warm them slightly near 
the fire and dip them in the corrosive. Do this for a while once to three times while the 
corrosive boils; dip and leave again three times but no more, so that the small stones do not 
break. 


25. Whitening of a Pearl. 
A dark pearl is made white by the following method. Give it to a cock to swallow, cut 
him open immediately, and you will find that the pearl has become white. 


26. Corrosion of Sunstone. 
A corroding of sunstone which boils it at the same time. Boil together seeds of mezereon 
and vinegar with the stone until a third of the fluid remains behind. 


27. Opening Up of Stones. 
Make sure that the stones are receptive; and that the dense stone is loosened up. Place 
it in a soft fig, lay upon the coals, and the stone will immediately change. . 


28. Preservation of Crystal. : 
In order that small stones which are prepared from crystal do not break into pieces, 
take and open a fig, put the stone therein, and lay the fig upon the coals to roast. 


29. Corroding of Stones. 

Let urine and alum putrify and remain together with the stones for 30 days. Then take 
the stones out and stick them in soft figs or dates. These stones should also be worked on the 
coals. Therefore, blow with the bellows until the figs or the dates burn and become charcoal. 
Then seize the stone, not with the hand but with the tongs, and put it directly into the dye bath 
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while still warm, and let it cool there. Make as many stones as you wish of, however, not 
more than 2 drachmas (each in weight). The dye bath should, however, be like paste. 


30. Preparation of Emerald. 

To prepare emerald from crystal. Take a clay vessel, mix in it round alum with water, 
and put it aside. Take transparent wax of equal weight with the crystal—of this latter not 
more than 2 drachmas can be transformed—melt, and put it aside in a vessel. Take the 
crystal and put it in the alum a day and a night. In this way it becomes, of course, bluish. 
Then take it out and coat it with the wax. Then take the crystal out of the wax and put it in 
verdigris, but have the 1 ounce of verdigris pulverized; and boil the crystal for 6 hours in a 
small vessel containing 6 cups. Then place it in the verdigris a day and a night. Take 

it out on the next day. ; 


31. Boiling of Stones. 

If you wish to make ruby from crystal, which is worked to any desired end, take and 
put it in the pan and stir up turpentine balsam and a little pulverized alkanet there until the 
dye liquid rises; and then take care of the stone. 


32. Preparation of Emerald. 

Unadulterated verdigris; copper green; bile of tortoise (and) of steers 2 parts; smoky 
crystal. 

33. Preservation of Crystal. 

So that it neither splits nor breaks. Take and mix the white of a goose’s egg with talc. 
Make it of pasty thickness and smear the crystal with it. Then put it in linen, bind this 
around it and leave 3 days in the dew and the sunshine. Untie after the three days and 
work the stone. 


34. Preparation of Emerald. 
Boil for 1 hour, 1 part of roasted copper, 2 parts of verdigris, (and) as much Pontic 
honey as is needed. 


35. Another (Preparation). 

Take rainbow-colored Indian crystal, shape from it the small stones that you desire, 
and soften them. Afterwards, take equal weights of flaky alum and “‘garlic’’ and rub them 
fine with very sharp vinegar until the whole becomes pastelike in thickness. Put the small 
stones in 1t and leave them there 3 days. After this, pour vinegar upon the mixture so that 
it becomes fluid, pour it over into a foreign pot, hang the stones there in a basket so that they 
do not touch the bottom of the vessel, and gently boil upon the coals. However, the pot should 
be provided with a cover and be coated with tallow. Blow with the bellows so that the fire 
does not become extinguished. Heat for two hours. Then take equal parts of both Mace- 
donian copper green and verdigris and ‘/2 a part of the bile of a calf and grind all extremely 
fine. Then pour thereupon the oil from unripe olives, measuring with the eye. Then take 
wax, rub the stones over with it, and leave them with the oil alone, or with castor oil besides, 
which you place in the small pot. Again hang the stones in a basket and heat for 6 hours. 
Rehang the stones once more on a horse hair and let them remain in the mixture over night. 
Then take them out and you will find that they have changed to emeralds. 


The true meaning of the term “garlic” is explained in recipe No. 51. This is an 
excellent example of the use of veiled terms and hidden meanings, a practice which was 
common among the early workers. 

36. Softening of Crystal.. 

To soften crystal take goat’s blood and dip crystal, which you have previously heated 

over a gentle fire, into 1t until it suits you. 
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37. Softening of Emerald. 

Stick hard emerald into wax for 14 days. After this period, grate “garlic’’ and make a 
cake out of it. Take the stone out (of the wax) and stick it into the cake of ‘‘garlic’”’ for 7 
days. Take leek and extract the juice out of it. Mix with the leek juice an equal amount r 
of oil, put this in a new pot, put the stones in it at the same time and boil 3 days (or) until 
they become satisfactory to you. The stones should be in a basket so that they do not touch $ 
the bottom of the pot. 


38. General Preliminary Corrosion. 

The plant heliotrope along with its blossom serves for the corrosion of every stone; for 
opening up, agglomeration and corroding. For without this plant, which the stones absorb, 
neither crystal nor the so-called topaz, that is carried down from Egypt, can be opened up. 
Apply also the juice of the plant for the preliminary corrosion and you will have luck with the 
coloring. 


39. Preparation of Beryl. 

Take rock crystal, string it on a hair, and hang it in a jar with the urine of a she-ass 
in such a manner that the stone does not touch the urine. The jar should be closed 3 days. 
After this lapse of time place the jar over a gentle fire and you will find an excellent beryl. 


40. Special Corrosion of Crystal. 
Dissolve sulphur, quicklime, (and) alum in vinegar. Do this three or four times, let 
it absorb the solution for 3 or 4 days, and then use 1n the following recipe. 


41. Preliminary Dipping. 

Dip the stones beforehand in this:—salt 1 part; water '/,) part. The stones (are) to be 
previously plunged in this material. Warm them again, after they are dried, over the 
opening of the oven. Then make out of the stones what you desire. 


42. Preparation of Emerald. 
j Mix 1 part of roasted copper (and) 2 parts of verdigris with honey and place zt upon the 
ashes. Let it cook and place the crystal in it. 


43. Another (Preparation). 
Mix '/. a drachma of copper green, an equal quantity of Armenian blue, 1/2 a cup of 
the urine of an uncorrupted youth, two-thirds of the fluid of a steer’s gall, and put into it 
the stones weighing 1/12 of a drachma each. Place the cover upon the vessel, lute the cover with 
clay, and heat for 6 hours with a gentle fire of hard olive wood. However provided that this 

sign appears—(namely) that the cover becomes green—then heat no further but let the stones 
cool down, lift them out and you will find that they have become emeralds. The stones are 
of crystal. If crystal is boiled in castor oil it becomes black. 

Armenian blue was probably some kind of a copper mineral or an oxidation product 
of the same. 
44. Preparation of Amethyst. 

Corrode the stones beforehand with three times as much alum as stone. Cook them in 
it until it boils thrice, and let them cool down. Take and soften krimnos with vinegar. 
Then take and boil the stones in it as long as you like. 


The substance “krimnos’’ is frequently mentioned in these recipes. It was evi- 
dently a red dyestuff, but its exact source and nature is unknown to us. 


45. Preparation of Chrysolite. 
Heat crystal, dip it in liquid pitch and cedar oil, and it will thence become chrysolite. 
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46. Preparation of Lychnis. 
Corrode the stones beforehand as set forth above. In this manner take archil, alkanet, 
and vinegar and place the stone therein as long as desired. 


According to Pliny (Natural History XXXVII, 103) this stone was red in color 
like the ruby. 
47. Preparation of Beryl. 

Mix Indian black with resin and heat crystal. If you let it cool in the mixture then 
excellent beryl comes forth from it. 


48. Another (Preparation). 

Make a solution from the bile of a tortoise together with the milk of a pregnant animal, 
copper, and sharp vinegar; and in this solution beryl will come into existence from stone. 
Only the experts can discover (the fraud). 


49. Preparation of Jasper. 

Heat the stone, then corrode it in alum along with vinegar and put it in verdigris and 
calves’ gall. 

50. Preparation of Sunstone. 

Boul liquid pitch and alkanet, put the stone in it and it will thence become sunstone; 
or in the juice of mulberries; or in ground kermes with vinegar; or in Armenian blue with 
calves’ gall. 

51. Corrosion of Crystal. 

Before one puts it in for coloring. Grind 1 part of quicklime and 1 part of natural 
sulphur. Add vinegar and put the stones in it. And in the third place it states thus; 
human excrement is, as they say, garlic. 

This latter sentence, which appears to have no connection with the remainder of 
the recipe, is apparently a reference to some other work. It is of value in showing the 
use of cryptic words and secret meanings. 


52. Preparation of Sunstone. 
Take equal parts of sulphur, vinegar, and calves’ gall. First-class, flawless sunstone 
is turned out with this mixture. 


53. Corroding and Opening Up of Stones. 

Grind alum and melt it carefully in vinegar. Put the stones therein, boil it up, and 
leave them there over night. Rinse them off, however, on the following day and color them 
as you wish by use of the recipes for coloring. 

54. Another (Recipe). 

Put the stones in a dish, lay another dish on it as a cover, lute the joint with clay, and let 
the stones be roasted for a time under supervision. Then remove the cover gradually and 
pour alum and vinegar upon the stones. Then afterward color the stones with the dye as you 
wish. 

55. Corrosion of Crystal. 
Crystal, which undergoes uninterrupted corrosion a day and a night, becomes bluish. 


56. Bleaching of Crystal. 
Dissolve rice in water, put the crystal in, and again boil the solution with it. 


57. Softening of Crystal. 
Soften crystal by cooking in goat’s blood. The same recipe also applies to glass. 


| 
| 
| 

| 


988 JOURNAL OF CHEMICAL EDUCATION Avucust, 1927 


58. Preparation of Sunstone. : 
First etch smoky stone in alum and water for 7 days, then heat it gradually and put it 
in cedar oil with the tongs. 


59. Substitute for Castor Oil. 

All crystal becomes dark by boiling in castor oil. On that account do not use the sub- 
stance where it states “‘with castor oil,” for the material is to be substituted. Use olive oil 
instead of castor oil. 


60. Cleaning of a Pearl. 

When perchance a genuine pearl becomes faded and dirty through use the Indians are 
accustomed to cleaning it in the following manner. They give the pearl to a rooster as food 
in the evening. In the morning they search for it again in the excretion and ascertain that 
the pearl has become clean in the crop of the bird; and, moreover, has acquired a whiteness 
which is not inferior to the former. 


61. Another (Recipe). 

Quicklime, which if not yet slaked in water after burning in the oven, curiously carries 
over the imperceptible (and) transmissible fire. They dissolve (it) in dog’s milk—from a 
white she-dog, however. They then knead the lime and rub it around about the pearl and leave 
it 1 day in this manner. After they have wiped off the lime, they find out that the pearl has 
become white. 


62. Preparation of Sunstone. 

Mix dragon’s blood, ordinary sap of balsam tree, resin of Palestine—or wf that is not 
at hand (resin) of Tomi—and Pontic alkanet; and soak the opened-up crystal therein. 
Now if the preparation is unmixed sunstone comes forth. If, however, a little fluid pitch is 
mixed with the above mixture then ruby is likely to result. 


63. Preparation of Beryl. 

Crystal has a considerable relationship with beryl on the basis of resemblance and you 
will get beryl out of crystal if you open up this stone, cool down after heating, and put it 
inside the fore-named resin and the indigo mixed with it. If it is put inside the preparation 
(while) still hot, then colored hyacinth is formed from it. 


64. Preparation of Chrysoprase. 

If celandine is mixed with indigo a green color results. Take, however, resin besides— 
it is a suitable substance for dyeing—put crystal in this mixture after the opening up of it, 
leave it to absorb therefrom and chrysoprase stone comes forth. 


65. Preparation of Chrysolite. 
Chrysohte results when you heat crystal and put it in fluid pitch and celandine mixed. 


66. Corrosion of Stones. 

The corroding of stones should be done in about the following manner. Put the stones 
in open clay pans and lay covers upon them. Close them with clay and place them upon 
the grate. Then gradually take the covers off and dip the stones in alum soaked in vinegar. 
Then heat them again and put them in the dyes made lukewarm. 


67. Another (Recipe). ' 

Finally in another way. Put the stones in a pan, lay thereupon another pan as a cover, 
and heat them gradually. Then gently take the cover off and pour alum along with vinegar 
over the stones. Color them with the color that you desire. 
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68. Corrosion of Crystal. 

A special corrosion of crystal. It is put in sulphur, quicklime, and alum together with 
vinegar, three or four times. However, leave 1t to absorb therefrom 3 or 4 days and then 
apply the following recipe. 

69. Corrosion of All Kinds of Stones. 

The plant heliotrope, which produces clusters, serves for the general opening up and 
corrosion of every stone. Extract the juice from it, open up the stones therein, and you 
‘ will have good luck with the coloring of every stone. 


70. The Kinds of Stones to Color. 


The suitable stones for coloring are crystal and topaz. Pyrites has the tendency to 
become gradually red. Boil (the stones), however, whilst you exclude everything, in a small 
protected house which stands opposite to any adverse wind. 


The pyrites mentioned here is certainly not the mineral that we call by that name. 
Great uncertainty exists as to just what the Ancients did mean by their term pyrites. 
Compare Pliny, Book XXXVII, 189, and Book XXXVI, 137, with Dioscorides V, 84, 
to see the confusion concerning this word. 


71. Preparation of Emerald. 

Mix copper green, the urine of a boy, and calves’ bile in a new pot. Lute the cover with i 
clay, but previously put the crystals*in the pot, and cook it for 5 hours with a gentle fire of 
olive wood. You will suddenly see by the cover when it is to be heated no more. Cool and 7 
take them out. The cover of the pot should, however, be unbaked. | 


72. Another (Preparation). 

Preparation for another rough emerald. Stick the stone in natron for 5 days. Then 
stick it in a lump of ground “garlic” for 7 days. But after the lapse of this time draw the 
juice from a leek and mix along with it an equal quantity of oil. Put this in a new pot and ; 
boil it 3 days until the stones absorb it. The cover should be unbaked. 


73. Another (Recipe). 

Rub with vinegar: 1 part of very fine verdigris; an equal amount of alum; roasted 
copper, a quantity equal to both the other materials; and bring it to a pasty thickness. Put ‘ 
the small stones therein and let them be baked for 7 days. 


74. Preparation of Verdigris for Emerald. 

Clean a well-made sheet of Cyprian copper by means of pumice stone and water, dry, 
and smear it very lightly with avery little oil. Spread it out and tie a cord around it. Then 
hang it in cask with sharp vinegar so that it does not touch the vinegar, and carefully close 
the cask so that no evaporation takes place. Now if you put it in in the morning, then scrape 
off the verdigris carefully in the evening, but if you put it in an the evening, then scrape it 
off in the morning, and suspend it again until the sheet becomes used up. However, as 
often as you scrape it off again smear the sheet with oil as explained previously. The 
vinegar is (thus rendered) unfit for use. 

75. Preparation of Beryl. 

Tie crystal around with a hair and hang it in a pot along with the urine of a she-ass for 
3 days, but the crystal is not permitted to touch the urine. The pot should be closed, how- 
ever. Then place the pot over a gentle fire and you will find a very good beryl. 


76. Preparation of Emerald. 


Take pure pyrites or rock crystal and make the composition in the following way: 
Verdigris, 2 drachmas; celandine, 1 drachma; Scythian black, 3 drachmas; liquid resin, 
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which one holds in the mouth, as much as necessary. Pulverize the dry materials, mix the 
resin with them, and set it aside. Take liquid alum, pour water upon it so that it becomes 
very watery and preserve it in a clay vessel. Heat the stone in an earthen vessel and cool it 
off in the alum. Heat the stone and put it in the above-named composition. However, 
af you desire that it should be greener then again mix pulverized verdigris with it. 


The chemical nature of Scythian black is unknown. 


77. Another (Recipe). 
Grind scraped-off verdigris and soften in oil a day and a night. Boil the stones therein 
with a gentle flame as long as desired. 


78. Preparation of Emerald. 

Dissolve alum with vinegar in an earthen vessel and set it aside. Take crystal and leave 
it therein a day and a night. Then take 1t and coat it with wax or clay. After that, cook 
itin oil. If, however, the stone is hard hang itin honey. Then lift it out and put it in copper 
green a day and a night. Take it out and cover it so that no evaporation occurs. After 
that, smear it again with the materials until it becomes emerald. 


79. Preparation of Emerald. 
Mix: copper green, 9 drachmas; celandine, 1 drachma; verdigris, 1 drachma; indigo, 
3 oboli;: (and) resin. Coat the stones with this mixture. 


80. The Dissolving of Comarum. 

Take and put lye from ashes upon comarum. Place it upon the fire a night and a day 
and it will become dissolved. The lye from ashes is, however, according to the following 
preparation. Place ashes in sufficient water and put this in a pot. Make a cavity and put 
quicklime in the hole. Pour in it the lye from the ashes and it will flow pure through the 
palm flower wrapping. Apply this material for dissolving. 


The substance called “ccomarum” was used as a mordant in coloring stones and 
cloth. Its exact nature is not known. 


81. Another (Recipe). 
Several have also undertaken the dissolving with this, namely “capnelaion,”’ which is 
avery dear substance; others again with the sap of balsam trees. 


82. Another (Recipe). 

The dissolving of comarum. Putin a pot about two pints of spring water. When this 
has been boiled once, put in the pot a third of gum tragacanth and a third of cleaned and 
washed comarum which you have finely pulverized. However, when this has boiled six 
times take it away from the fire—but boil with a gentle fire. Place 1t again upon the ground, 
let it cool off for several days and use it thus. The solution of comarum is also useful as a 
preliminary coating for every stone. 


83. Preparation of Emerald. 

Mix and put together in a small jar 1/2 a drachma of copper green, 1/2 a drachma of 
Armenian blue, 1/2 a cup of the urine of an uncorrupted youth, and two-thirds of the fluid 
of a steer’s gall. Put entire stones therein, indeed (about) 24 pieces, so that they weigh about 
1/, an obolus. Lay the cover upon the pot, lute the cover all around with clay, and boil it 
with a gentle fire for six hours, at which olive wood ts to be. burned. But if this sign appears, 
namely, that the cover becomes green, then heat no more, but cool off and take the stones out. 
Thus you will find that they have become emeralds. The' stones are of crystal. All crystal, 
however, changes its color by boiling. 
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84. A Dye Liquor for 3 Colors. 

A dye liquor from which three dye solutions can come. Bruise and mix with water 
2/3 of a part of Krimnos and 1 part of dyer’s alum. Put the wool in and it becomes scarlet 
red. If it is to be leek green add ground sulphur with water. If, however, it is to be quince 
yellow then add unadulterated natron along with water. 


85. Cleaning with Soap Weed. 

Cleaning with soap weed is done in the following way. Take and bruise soap weed, 
put it in water and heat it. Then put the wool in and shake it a little. Lift out and dry it. 
Then mordant it afterwards. 


86. For Purple. 

Boil asphodel and natron, put the wool in it 8 drachmas at a time, and rinse it out. 
Then take and bruise 1 mina of grape skins, mix these with vinegar and let stand 6 hours. 
Then boil the mixture and put the wool in. 


87. Mordanting. 

Boil chalcanthum and skorpiurus and employ for any desired color. These sub- 
stances, however, also mordant all kinds of stones and skins. 

The term “‘chalcanthum”’ was used to denote various products of the weathering 
of iron and copper pyrites and hence was either copper or iron sulfate or mixtures of 
these salts. The Greek word ‘‘skorpiurus’’ was, according to some, a name given to 
one of a species of sapindaceous plants. : 
88. The Dissolving of Alkanet. 

Alkanet is dissolved by oil, water, and nuts. The best of all dissolving mediums is, 
however, camel’s urine. For this makes the alkanet dye not only fast, but also durable. 


89. Another (Recipe). 

Bruise alkanet and mix natron with it until it gets blood-colored. The boiling is done 
with water. Then dye what you desire. Or else bruise alkanet in the same way with saf- 
flower, afterwards put it in and let the blood color be absorbed. And if you bruise alkanet 
with telis then proceed likewise. Alkanet in company with chalcanthum, however, dyes 
linen as well as cambric. For with chalcanthum, alkanet red changes into purple. 


“Telis,” a certain species of a plant of flower. 


90. Making Purple Brilliant. 
To make purple brilliant cook alkanet with purging weed and this will dissolve it; or 
with wild cucumber, purgative cucumber or hellebore. 


91. The Dissolving of Alkanet. 

Take alkanet and grind fine with barley malt. The barley malt should, however, be 
fresh. Then mix the alkanet with vinegar and let it remain in it over night. Heat the alka- 
net again in the morning, steep it in vinegar and leave it until it gives up the color. After 
that take the wool and put it in lime water and then in the dye liquor. After you have then 
put it in an extract of archil, treat it then in the same way as has been explained in detail in 
passage 26. 

This latter sentence is apparently a reference to another work or collection of recipes 
now lost to us. 


92. The Dissolving of Comarum. 

To dissolve comarum. Grind tartar with water, put it in a small dish and stir it. 
Pour the clear water in another vessel, put ground comarum in it, stir it and it will give up 
its color at once. Then let it clarify until the following day and you will find purple. 
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93. Mordanting for Sardian Purple. 

For a mina of wool put in 4 minas of dross of iron (and) 1 choenix of sour pomegranate; 
but if not this (latter) then (use) 1 chus of vinegar (and) 8 chus of water (heated) over the fire 
until half of the water has disappeared. Then take the fire away from under it, put the 
cleaned wool in and leave it there until the water becomes cold. Then take it out, rinse it 
and it will be mordanted. 


94. Mordanting for Silician Purple. 

Put in the kettle 8 chus of water, a half a mina of alum, 1 mina of flowers of copper 
(and) 1 mina of gall-nuts. When it boils put in 1 mina of washed wool. When it has 
boiled two or three times take the wool out. For when you leave it therein a longer time 
then the purple becomes red. Take the wool out, however, rinse it out and you will have it 
mordanted. 


In ancient times, and among the alchemists, the term “‘flowers of copper” referred 
to copper oxide. 

95. Mordanting and Dyeing of Genuine Purple. 

For a stater of wool put in a vessel 5 oboli of alum (and) 2 kotyles of water. Boil and 
let t (become) lukewarm. Leave it until early morning, then take it off and cool it. Then 
prepare a secondary mordant (in which) you put 8 drachmas of pomegranate blossoms and 
two kotyles of water in a vessel. Let it boil and put the wool in. However, after you have 
dipped the wool in several times, lift it out. Add to the pomegranate blossom water about a 
ball of alumed archil and dye the wool by judging with the eye. If you wish, however, that 
the purple be dark, add a little chalcanthum and let the wool remain long in it. In an- 
other passage it is in the following way: But if you wish that the purple be dark, then sprinkle 
natron and a little chalcanthum in the dye bath. 

96. Dyeing in Purple. 

Purple. Roast and boil Phrygian stone. Leave the wool therein until it becomes cold. 
Then lift it out, put 1 mina (each) of archil and amarant in another vessel, boil then and let 
the wool cool down in it. 

Phrygian stone was evidently some kind of a mineral capable of yielding soluble 
salts. It may have been a type of alunite according to Berthelot. This would explain 
its use in mordanting. 


97. Another (Recipe). 

Take the wool and clean with soap weed. Take blood stone and put it ina kettle. Put 
therein previously boiled chalcanthum. Put in the wool previously mordanted in urine, 
alum, and misy. Lift the wool out, rinse it with salt water, let it become cold, and brighten 
the purple with gall-nut and hyacinthe. It has a very beautiful foreign appearance. 


Bloodstone is identical with our hematite while misy was either iron or copper py- 
rites or oxidation products of these (see Pliny, N. H. Book XXXIV,31). Hyacinthe was 
some kind of a vegetable dyeing material. 


98. Another (Recipe). 

Take and boil grain weevils, dross of iron and laurel berries. Put in 2 minas of wool, 
which you have previously mordanted, and now have boiled. Take it out and let it cool off. 
Brighten the color with limewater. 


99. Another (Recipe). 
Phrygian stone is roasted and boiled. The wool is put in and left there until it becomes 
cold. Then lift it out, place in another vessel 1 part of archil and 1 part of amaranth blos- 
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soms, boil it again, put the wool in and let it become cold there. Lift it out and rinse it with 
salt water. 
100. Another (Recipe). 

To dye with mulberries. Take and crush unripe bunches of grapes and mordant the 
wool therein for 3 days. On the fourth day put this grape juice in another pot and boil the 
> wool therein, but when it boils lift it out, rinse it with water and let it become cold. Then 
take juice of mulberries and boil up until it boils twice. Put the wool in and let it become 
cold therein and it will be a fine excellent purple. 


101. Cold Dyeing of Purple Which Is Done in the True Way. 

Keep this as a secret matter because the purple has an extremely beautiful luster. Take 
scum of woad from the dyer, and a sufficient portion of foreign alkanet of about the same 
weight as the scum—the scum is very light—and triturate it in the mortar. Thus dissolve 
| the alkanet by grinding in the scum and it will give off its essence. Then take the brilliant 

color prepared by the dyer—if from kermes it is better, or else from kirmnos—heat, and put 
| this liquor into half of the scum in the mortar. Then put the wool in and color it unmor- 
danted and you will find it beyond all description. 


102. Dyeing in Good Purple. 

Take the wool and clean with soap weed. Then mordant it in filtered limewater. Boil 
it then in alum and water. This should, however, be sharp acetous alum. Then boil it 
according to the procedure for mordanting with urine. Next, unravel it. Rinse it out with 
water, then with salt water, and lay it aside. 


103. (No Title.) 
For a stater of wool take a kotyle of urine (and) put in the bowl with the urine and mix 
there, 4 drachmas of alkanet bark, 1 drachma of native soda (and) 1 drachma of raw Cyprian 
| misy until it appears to you to be good. However, take away the first scum, which is white 
and untouched by the mixture. But when the essences of the substances appears to have gone 
from them, then lift the basket up and press it out properly in the basin. Throw the sub- 
stances away, but put the mordanted wool in and produce (the) purple on it. Make a 
test beforehand (that is), put a flock of wool in underneath (the surface) with the hand and 
look at it. The vessel in which the boiling is done should, however, on account of the frequent 
boiling over, contain sixfold (the volume). When the wool is suitable then hang and drain 
it until you have obtained the lustre. 


104. Collection of Woad. 

Cut off the woad and put together in a basket in the shade. Crush and pulverize, and 
, leave it a whole day. Air thoroughly on the following day and trample about in it so that 
by the motion of the feet it is turned up and uniformly dried. Put together in baskets lay it 
aside. Woad, thus treated, is called charcoal. 


. oo The last word in the recipe probably referred to its appearance. It occurs again in 
the title of No. 106. 


105. Dyeing in Dark Blue. 

Put about a talent of woad in a tube, which stands in the sun and contains not less than 
15 metretes, and pack it in well. Then pour urine in until the liquid rises over the woad and 
let it be warmed by the sun, but on the following day get the woad ready in a way so that you 
(can) tread around in it in the sun until it becomes well moistened. One must do this, how- 
ever for 3 days together. 


106. Cooking of Woad Charcoal. 
Divide the woad charcoal into three parts including that which is above the infused urine, 
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Mix one of the parts in a convenient manner, put it in a pot and build a fire beneath it. 
You will perceive whether the woad is cooked in the following manner. When 2t boils, stir 
carefully and not in a disorderly fashion, so that the woad does not sink down and ruin the 
kettle. When the woad cracks in the middle the cooking is perfect. You should take away 
the fire from the underneath, but should nevertheless stir within the pot. Cool the under 
surface of the pot by sprinkling with cold water. Then take and put in the vat a half a 
choenix of soap weed. Pour enough of the cooked woad over (it), lay poles or reeds over the 
edge of the vat, cover with mats and build a moderate fire under it so that it does not boil over 
and (yet) does not become cold. Leave it 3 days. Boil up urine with soap weed, skim off 
the scum, and put in boiled wool. Then rinse off in a convenient manner, press out, card it, 
and put the wool in the dye liquor. When it appears to you to be right, take the wool out, 
cover up the vat again and build a fire beneath it in the same way. Put 2 minas of archil 
in the liquid, after you have boiled the archil and in doing so have skimmed off the scum. 
Then put the dyed wool in. Rinse off in salt water and cool it off. Dye in blue twice a 
day, morning and evening, as long as the dye liquor is serviceable. 


107. Dyeing in Rose Color. 

Rose color is dyed in the following way. Smear the rolls of wool with ashes, untie them, 
and wash the wool in the liquid from potter's clay. Rinse it out and mordant it as previously 
described. Rinse it out in salt water after mordanting and use rain water (which is so) 
warm that you cannot put your hand in it. Then take for each mina of wool a quarter of a 
mina of roasted and finely pulverized madder and a quarter of a choenix of bean meal. Mix 
these together by the addition of white oil, pour it into the kettle and stir up. Put the wool 
in the kettle and again stir incessantly so that it becomes uniform. When it appears to you 
to have absorbed the dye liquor, however, brighten it by means of alum, rinse it out again in 
salt water, and dry it in the shade with protection from smoke. 


108. Dyeing with Archil. 

To dye with archil. Wash the wool as 1s previously described. For a mina of wool 
take 4 chus of urine and a half a mina of alum. Mix these, and at the same time make a 
Sire beneath them until they boil up. Put the wool in and stir incessantly, but when the wool 
sinks down and the liquor subsides then rinse the wool out. Boil in drinking water three 
times as much archil as the weight of the wool, take the archil out, put the wool in and stir 
up uniformly until the wool becomes soaked. Then pulverize a quarter of a mina of chal- 
canthum for each mina of wool and mix them. Stir up incessantly and thereby make the 
wool uniform. Then take it out, rinse out and let the wool dry as in other cases. 

109. Dyeing in Phoenician Color with Archil. 

Roll up the wool and sift ashes over it. Separate the rolls in a convenient manner and 
again sift ashes over them until the wool becomes clean and branny. Shake it out on the 
following day and rinse it out. After the washing, boil it with 6 chus of salt water for each 
mina of wool, mix in half a mina of alum and mordant the wool therein in the way men- 
tioned. Rinse 1t out. Then cook, in rainwater, until it boils, three times as much archil 
as the weight of the wool. Pour in goat’s milk and stir up. Put the wool in and stir again 
until the color is thoroughly soaked in. Then take the wool out, rinse it and dry it, but in 
doing so protect it from smoke. 

110. Dyeing in Bright Red Purple. 

To dye in genuine bright red purple grind archil and take 5 cyathi of the juice for a mina 
of wool. If you wish a bright tint mix in ground natron (and) if you desire a still brighter 
one, chalcanthum. 

111. From the Book of Africanus: Preparation of Bright Red Purple. 
Take and put the mordanted wool into 1 choenix of krimnos and 4 choenices of archil. 
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Boil these materials, put the wool in and leave it there until later. Take it out and rinse it 
with salt water, then with fresh water. 


112. Another (Recipe). 


Pulverize and cook 4 drachmas of chalcanthum, 4 drachmas of Sinopian earth and 8 
drachmas of krimnos. Put the mordanted wool in and it will become a fine deep red purple. 


Sinopian earth apparently had several meanings. ‘The description of Dioscorides 
(Mat. Med. V, 3) is that of an iron ochre although the term sometimes meant red lead. 


113. Another (Recipe). 

Dyeing in purple with herbs. Take and put the wool in the juice of henbane and lu- 
pines. The juice should be brought to boiling in water, which thereby becomes sour. This 
1s the preliminary mordant. Then take the fruit clusters of rhamus, put-water in a kettle 
and boil. Put the wool in and it will become a good purple. Lift the wool out, rinse it 
with water from a forge, let it dry in the sun-and it will be purple of the first quality. 

114. Another (Recipe). 

After the wool has been mordanted then take 20 drachmas of good Sinopian earth, boil 
it in vinegar and put the wool in. Add 2 drachmas of chalcanthum. Lift the wool out, put 
it in a kettle full of warm water and leave it there 1 hour. Lift the wool out and rinse it. 
115. Dyeing of Various Colors. 

To prepare Phoenician dye. Take and combine heliotrope with alkanet. Lay them 
in an earthen vessel and sprinkle them for 3 days with white vinegar. On the fourth day boil 
them, with the addition of water, until these float at the top. If you desire, however, to dye 
cedar color then take out the alkanet and boil lightly, but if you wish cherry-red then add 
krimnos soured with a little soap. Put the wool in and boil it together with the substances 
until it appears to you to be good. 

116. Cold Dyeing in Dark Yellow. 

Put 1 part of golden litharge (and) 2 parts of quicklime in a vessel and pour water in 
until it runs over. Stir until it is mixed and put the rinsed-out wool in, which after a time 
receives another color. If you mix alkanet in with it, the wool becomes better. 


117. Dyeing in Scarlet. 

Take the wool and mordant with woad, which dyes blue. Wash and dryit. Then take 
and crush kermes in water until it becomes dissolved. Then mix in rustic archil and boil 
thus. Put the wool in and it will become scarlet. 

The exact sense of the word “rustic” in the above recipe is, according to Lager- 
P ‘crantz, that it refers to archil from the country as an inferior variety. 

118. To Produce a Gold Color by Cold Dyeing. 

Take safflower blossom and oxeye, crush them together and lay them in water. Put 

P . the wool in and sprinkle with water. Lift the wool out, expose it to the air, and use it. 


119. To Wash Raw Wool. 

The washing of raw wool is done in the following way. For a mina of wool take 9 
minas of Cimolian earth, 2 kotyles of vinegar, and pour in water. Wash the wool therein 
and air thoroughly. 
120. Examination of Dyestuffs. 

Heavy and dark blue woad is good, but the pure white and light (kind) is not good. 

The examination of Syrian kermes. Take and crush that which is the lighest and the 
most finely colored. The black or white-spotted is, however, poor. Chew into pieces with 
natron and dissolve up the finely colored, 
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Pulverize the finest colored madder and thus make the test. 

Purple-colored and fast archil is as if snail-colored, but the white-spotted and black 
is—take notice—not good. Now if you chew genuinely colored archil into pieces then take 
and hold it in the hand (to examine it). 

Alum should be moist and very white. That which contains saltiness is, however, un- 


suitable. 
Concerning flowers of copper, that is suitable which shows a dark blue color, a very 


green leek color or, in general, a very fine color. 


121. Dyeing Canusinian Wool. 

Boil, beforehand, in a leaden kettle 20 drachmas of krimnos, 8 or else 12 drachmas of 
thistle, (and) 1 chus of water for 1 mina of unmordanted wool. Then put the wool in, make 
a sample and it will be Canusinian wool. 


122. Dyeing of a Color. 

Take heat-dried quicklime and golden litharge, grind both substances in an earthen 
vessel and stir up. Put the wool in, leave it there a day and a night and the color will come 
up on it. You should rinse it off with soap weed. When it has been rinsed and you desire 
(to color) it further, then after the bath, dye it again in the aforementioned dye liquor. 


123. Dyeing in Purple. 
Bright red purple; juice of archil. If you desire a deeper shade then put in natron. 
If you desire a still deeper, (then put in) chalcanthum. 


124. Another (Recipe). 
One dyes an indelible purple by means of braids of seaweed with water. 


125. Another (Recipe). 

Purple which does not fade. Boil seaweed with archil and vinegar and put the wool 
in uniformly. 

In the two above recipes the species of seaweed or algae used is not stated. Certain 
kinds can be used for this purpose, however. 


126. Another (Recipe). 
Red ochre dissolved in vinegar produces purple. 


127. Another (Recipe). 
Alkanet, madder, archil, and calves’ blood dye purple. 


128. Another (Recipe). 

Purple. Phrygian stone is crushed and boiled. The wool is put in and left there 
until it becomes cold. Then lift it out. Putin another vessel 1 part of archil and 1 part of 
amaranth blossom, boil it again, put the wool in and leave it become cold there. Lift it out 
and rinse it with salt water. An excellent mordant for purple comes from Phrygian stone; 
for a kotyle of wool (use) a kotyle of stones. 


129. Another (Recipe). 

Cold-dyed purple. Pulverize quicklime in cistern water. Pour the lye off and mordant 
what you wish therein from morning until evening. Then rinse it out in fresh water (and) 
color it in the first place in an extract of archil. Then put in chalcanthum in addition. 


130. Dyeing of Dark Yellow Wool. 

Dyeing of all kinds of dark yellow wool so that it appears as if this were its color. Grind 
golden litharge finely and put a little of it in a clean vessel together with four times as much 
lime. Pour fresh rain water upon these so that it covers them and stir thoroughly until they 
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are well mixed. Rinse the wool out beforehand and now put it in. After a time it indeed 
gains another color, so that it appears as if this were natural and wonderful. 


131. Dissolving of Archil. 

Take and wash archil properly, air it and lay it aside. Then take and cook bean chips 
in considerable water. When they are well cooked then mix archil with the water from the 
bean chips. When you let the archil become cold together with this, then you will dissolve 
it in this manner. 


132. Dissolving of Alkanet. 

Take decorticated and pulverized alkanet and add the interior of Persian nuts. Pul- 
verize these again and add a little lamellose alum. Grind everything together while moistening 
with water. Make a lump out of it, place it aside and leave it to imbibe color. Then take 
a vessel of water, put the lump in the water, stir up and leave it unbroken. Put your finger 
in and if the color is beautiful then use it. 


133. Preparing Genuine Purples. 
Iron rust, roasted misy, and pomegranate blossom adapt themselves to mordanting 
in water and make it possible to give the wool a good deep purple color in 4 hours. 


134. Another (Recipe). 
Let iron rust soak in vinegar for as many days as is necessary. Then mordant the 
wool in this liquor, which should be cold. Then boil krimnos and put the mordanted wool in. 


135. From Book 3 of Africanus. 

Mordanting for any color is done in the following way. First the animal, or else like- 
wise only the wool is washed; then one can allow the mordanting agent upon it. One should 
then dissolve alum in vinegar and coat the wool, which one desires to dye, with it. After 
drying in the sun it is washed, and when it is freed from its moisture admit it to any coloring. 
One must pay attention to that which is mordanted for a day and a night during the mor- 
danting. 

136. Dyeing of Colors. 

Lime, which is mixed and ground with litharge, produces many colors, yet in such a 
manner that the wool does not retain them. First, milk-white; then natural; and then 
deep by means of cold dyeing. 

137. Mordanting for Every Color Except Purple. 

Dissolve alum in vinegar, add raw misy, and use it. 


138. Mordanting for Purple. 

When you mordant for purple, then put in pure sulphur in lumps in addition, so that 
the purple (by trial) gains a brilliant shade; but in case it does not become bright (it is) be- 
cause it contains something related with what one tests it with. 


139. Dyeing of Colors. 

By celandine one means a plant root. It dyes (a) gold color by cold dyeing. Celandine 
is costly, however. You should accordingly use the root of the pomegranate tree and it will 
act the same. And if wolf’s milk is boiled and dried it produces yellow. If, however, a 
little verdigris is mixed with it, it produces green; and safflower blossom likewise. 


140. Dissolving of Alkanet. 

Alkanet is dissolved with the root of henbane. Some cook it with the root of the mul- 
berry tree, others likewise with the root of the caper bush. Some cook alkanet with lentils, 
others with pellitory root. . 
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141. Fastness of Alkanet. 
Sheep’s urine, comarum, or henbane are equally good. 


142. Fastness of Archil and Alkanet. 7 
Extract of leaves of the citron tree; extract of barley and navelwort; and onion juice. 
Each of these substances alone make (them) fast. 


143. Dissolving of Comarum. 
Take and soak pig manure with the urine of an uncorrupted youth. Boil up these 
and pour it off on the comarum. 


144. Another (Recipe). 
Dissolve calcined marble in cold water, put comarum together with it in milk and the 
comarum will become dissolved. 


145. Cleaning by Means of Soap Weed. 

Take and treat soap weed with hot water. Make a ball from it as if from tallow. 
Then steep this in hot water until it is dissolved. The water, however, should go above the 
wool. Then boil up the water. Put the wool in and prevent it from becoming scorched. 
Leave it there a little while until you see that itis clean. Lift out, rinse it and dry it. 


146. Mordanting. 

Then take lime and hot water and make a lye from it, let it stand and take away thereby 
the impurity existing upon it. When you see that the water has become crystal clear, then 
put the wool in, shake and leave 7t there again a little while. Lift it out and rinse it. 


147. Boiling (Wool). 

Then take two kotyles of fresh water and 8 drachmas of acetous alum for a stater of wool. 
Put the water, the alum in a small basket, and sonve barleycorn into the kettle and place it 
upon the fire until the barleycorn is cooked and the alum has dissolved. Take away the im- 
purity existing in the liquid, put the wool in, dip it under and separate it with the rake. 
Arrange it uniformly, put on the cover and heat the kettle until you see that the wool is puffed 
up. Then lift it out, hang it up, again perform the same operation with the rake and heat the 
kettle. When it is to be taken out, then remove the kettle from the fire, hang the wool up and 
let it drain until you undertake the mordanting with the urine. 


148. Preparation of Tyrian Purple. 

Phrygian stone is pulverized and boiled. The wool is put in and left there until it 
becomes cold. Then lift it out and put a mina of archil in a vessel, boil it, put the wool in 
again and let it become cold there. Lift it out and rinse it with salt water. 


149. Cold Dyeing of Purple. 

Pulverize and dissolve quicklime with rain water, strain the water and mordant therein 
from early morning until late (in the day). Do not rinse out with salt water but with fresh 
water. Then dye with boiled archil. Then put in chalcanthum besides and the purple 
will come forth from it. 

150. Dyeing of Galatian Scarlet. 

Alkanet and archil, 1 ounce each; 2 ounces of swine’s blood; 5 drachmas of chalcanthum; 

2 drachmas of roasted orpiment; 8 pints of water. 


151. Dyeing of Tyrian or Guaranteed Superior Purple. 
Seven drachmas of alkanet; 5 drachmas of orpiment; 1 ounce of urine; 5 drachmas of 
quicklime; 1 kotyle of water. 
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152. Shading Off of Colors. 

When you desire to shade off the brightness of a color then boil sulphur with cow’s milk, 
and the color will be easily shaded off in it. 
153. Dyeing of Madder Purple. 

After bluing, sprinkle the wool with ashes and trample it down with them in a convenient 
manner. Then press (the) liquid out of potter’s clay and wash off the blued wool therein. 
Rinse it in salt water and mordant it. You will know if it is sufficiently mordanted when it 
sinks down in the kettle and the fluid becomes clear. Then heat rain water so that you can- 
not put your hand in it. Mix roasted, pulverized and sifted madder root, i. e., madder, 
with white vinegar, a half a mina of madder to a mina of wool, and mix a quarter of a choenix 
of bean meal with the madder root. Then put these in a kettle and stir up. Then put the 
wool in, in doing so, stir incessantly and make it uniform. Take it out and rinse it in salt 
water. If you wish the color to take on a beautiful gloss and not to fade, then brighten it 
with alum. Rinse the wool out again in salt water, let it dry in the shade and in doing so 
protect it from smoke. 


154. (No Title.) (Ona separate leaf from the rest of the recipes.) 
Sun, Berbeloch, Chthotho, Miach, Sandum, Echnin, Zaguel, accept me who comes 
before thee. Trust thyself (to the God), annoint thyself and thou shalt see him with thine eyes. 


III. Commentary 


The excellent translations of the Stockholm Papyrus into modern Greek 
and German by Lagercrantz leaves little to be desired in the way of a 
philological and etymological commentary. ‘This translator, however, 
did not enter into the general and technical significance of the recipes of 
the collection. It is the purpose of these few paragraphs to discuss this 
phase of the collection in the briefest way possible, since space does not 
permit the extended ‘treatment of these matters that could be given, 
especially in comparing them with the other authors and works in early 
technical arts, and in discussing their value for the early history of alchemy 
and technical chemistry. 

It is very evident that the recipes in the collection can be grouped into 
three main classes. The first few deal with the manufacture of alloys and 
are nearly identical with those of this type that occur in the Leyden 
Papyrus X. On account of this similarity no further comments are 
needed upon them here. The second type deals with the cleaning and 
imitation of gems and precious stones, while the third group includes 
those treating of the various arts connected with the dyeing of cloth. 
These two groups will now be discussed separately. 

There are exactly seventy-one recipes that deal with the cleaning ‘and 
imitation of precious stones or with closely related operations. ‘Ten 
of these, most of which follow immediately after the recipes for alloys, 
deal with cleaning genuine or making artificial pearls. The cleaning 
methods used were largely empirical in their nature. One method was 
to coat the pearl with some suitable glutinous mixture, then to peel this 
off again. This latter operation apparently removed the objectionable 
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dirt. Recipe No. 61, in which lime is employed in this manner, apparently 
contains some rudimentary attempt at chemical theory. Various liquids 
were also employed in cleaning. Perhaps the most curious and the least 
scientific of these cleaning methods is that described in Recipes No. 25 
and 60 in which the pearl is given to a fowl to eat and is afterward re- 
covered and found to be cleaned. This set of recipes contains the first 
account of the manufacture of imitation pearls. Recipe No. 18 describes 
their preparation in which shimmering scales from mica or ground selenite 
were incorporated in a paste made from gum, wax, mercury, and white 
of eggs. This was then shaped and dried, probably yielding an inferior 
imitation of the real thing, although the last sentence of the recipe assures 
us otherwise. Recipes No. 22 and 23 detail other methods of accomplish- 
ing the same end. The remainder of the recipes of the second group 
deal with the imitating of emerald, ruby, beryl, amethyst, sunstone, 
and other valuable gem stones. ‘The base for nearly all of these imitations 
is the so-called crystal. This word in Greek is generally understood to 
mean quartz or rock crystal. Probably, however, its meaning in the 
papyrus was extended to other clear stones, notably to selenite, since 
the processes used depended somewhat upon having more easily corroded 
stones than quartz. At any rate, the first step in the manufacture of 
imitation precious stones, as practiced in ancient Egypt, was to treat 
the base used in such a way as to roughen it and to make the surface of 
the stones porous. Various substances and methods were used for this 
purpose. ‘The heated stones were generally boiled or dipped in oil, wax, 
or solutions of alum, native soda, common salt, vinegar, calcium sulfide, 
or in mixtures of these. By this means the surface of the stone used was 
roughened and also, probably to some degree, mordanted for the applica- 
tion of dyes. After corroding or mordanting the stone in this manner 
some kind of a dyeing material was then applied. ‘These latter fall into 
two classes, the inorganic and the organic substances. Copper salts, 
for example, were usually applied to form imitation emeralds from the 
base, while alkanet was used for red stones. Recipe No. 74 is of special 
interest in that it gives the method of preparing verdigris for this very 
purpose. This is probably the first detailed laboratory direction for the 
preparation of a chemical salt. Many vegetable dyes and other organic 
substances were employed in dyeing the treated crystal, among which 
were alkanet, celandine, cedar oil, pitch, and various resins. In some 
cases the two operations were combined in one. It is to be remarked 
that many of the recipes carry various detailed precautions concerning 
the processes, showing the presence of much experience in carrying them 
out. We may well question the beauty and the permanency of the imi- 
tation gems prepared by these methods, but probably they satisfied the 
people of that period. These methods of imitating precious stones “seem 


> 
- 
2 
: 
i 


Voi. 4, No. 8 THE STocKHOLM Papyrus 1001 


to imply strongly that the manufacture of colored glasses was not a de- 
veloped art at the time of this collection and came at a later period. 

The remainder of the recipes in the collection deal with a subject which 
was equally important in ancient times as it is with us, namely, the methods 
of dyeing or coloring cloths. ‘The recipes of this collection and the few 
of the Leyden Papyrus are the earliest specific directions for the use of 
dyes. A glance over the recipes on this topic shows plainly that the art 
of dyeing was well understood from the practical standpoint. ‘The first 
step in the dyeing process was the cleaning of the cloth to free it from 
dirt and grease. ‘The various cleaning agents employed included native 
soda, soap weed, and others. That the importance of mordanting was 
well recognized is evident from the many recipes on the subject. The 
materials used included alum, limewater, iron and copper compounds, 
and some vegetable substances. ‘There is no doubt that the theory of 
their use was but faintly understood, but there can be no question about 
their understanding of their practical use. ‘The dyes used included alkanet, 
archil, woad, madder, and other less common ones together with various 
combinations of those named: It is evident from the recipes that purple 
was the favorite color in ancient Egypt at the time of this collection, but 
it is to be remembered, however, that this term then included red and 
some other shades also. One thing that the recipes on purple do show, 
however, is that the purple of the ancients was not obtained exclusively 
from a certain species of shellfish as has been generally believed. Other 
colors mentioned include blue, yellow, and scarlet. ‘The use of different 
rinsing solutions and the preparation of some of the dyes used is also 
described in this collection. ‘The remarkable nature of these recipes on 
dyeing as practiced in ancient times is seen when we remember that the 
methods mentioned here were essentially the ones used for a period of 
fifteen hundred years after, or up until the advent of our modern coal-tar 
dyes. 

We are always somewhat interested in the personalities connected 
with any period or development of human knowledge and we may well 
ask ourselves as to the author or authors of the Stockholm and Leyden 
Papyri. ‘The Leyden Papyrus X gives no hint as to its authorship, but 
the Stockholm Papyrus at least gives us some hint as to the probable 
character of the writer. The last recipe in the collection is on a sheet 
separate from the remainder and is not numbered like the other sheets. 
It contains ‘a magical or theurgical formula entirely different from the 
other recipes. If it belonged to the owner of the remainder of the collec- 
tion, and it is probable that it did, then it tends to show that chemical 
arts in ancient Egypt were largely in the hands of the priestly caste, a 
fact that has been deduced from other sources and of which this is the 
earliest direct evidence yet shown. The collection also mentions several 
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names of early workers in chemical arts, and indeed quotes from them, 
Africanus and Democrites in particular. In conclusion, then, it can well 
be said that from whatever angle we may view both the Stockholm and 
the Leyden Papyri there can be no question but that these earliest chem- 
ical manuscripts contain material of the greatest value for the history 
of the beginnings of chemistry. 


Sulfur Dust Is New Pest Killer. Sulfur grains as small as one-twenty-five thou- 
sandth of an inch in diameter were described as a powerful new pest killer in a report 
to the American Chemical Society. The remarkable new preparation was announced 
by its discoverer, Dr. Ludwig Rosenstein of San Francisco. ? 

Recently finely divided sulfur powder has attained great importance as a material 
for dusting grape, orange, asparagus, and other plants afflicted with insect and fungus 
pests. The sulfur seems to be acted on by moist air to give products which attack the 
pest. Unfortunately, sulfur is not directly soluble in water, so that its usefulness de- 
pends principally on the amount of surface of the solid powder; and no ordinary grinding 
process will divide the sulfur into grains as small as those of the new product. 

Dr. Rosenstein’s new ultra-fine sulfur comes as a by-product of his new process for 
extracting the undesirable hydrogen sulfide from household fuel gas. In the process a 
little nickel sulfide happens to be intimately mixed with the sulfur, and it is suspected 
that the accidental presence of this nickel compound is at least partially responsible for 
the great potency of the resulting sulfur dust. While ordinary ‘‘flowers of sulfur,” for 
example, will kill the red spider pest fairly readily, the new dust kills both eggs and 
mature insects. Other results, as reported by the University of California experiment 
station, are equally promising. 

The by-product sulfur seems to exist as minute globules of a spongy suspension of 
water in sulfur, suggestive of water-soaked grains of gelatin or starch, and may derive 
value from this condition. 

Fortunately, the gas-purification process is so successful that a large supply of 
the new sulfur is likely to be.available shortly. One Pacific coast gas company alone 
will have 3600 tons of sulfur per year to work out in this way if demanded.—Science 
Service 

Arsenic Found in Pipe Tobacco. A hitherto unsuspected source of arsenic is pipe 
tobacco. Dr. Roe E. Remington of the North Dakota Agricultural College in a 
report to the American Chemical Society, told of a man who was excreting from three- 
to four-tenths of a milligram of arsenic per day—a very large amount. He tried to find 
its source, and ultimately discovered that the man was an inveterate pipe smoker. 
The analysis of pipe tobacco showed that various samples contained as much as a grain 
or a grain and a half per pound. If taken in one dose, that is enough arsenic to kill a 
man. 

Since a large number of pipe smokers seem to be thriving, Dr. Remington’s dis- 
covery does not appear particularly alarming, although further work may show that 
continued small doses of arsenic are harmful. He does not know the source of the arsenic 
in tobacco. It might come from the soil or from arsenic sprays. 

About one-ten millionth of the body weight of human beings is arsenic. One in- 
vestigator has found that Germans contain less of this element than other persons 
because pure food laws have been in existence longer and have been better enforced in 
Germany than elsewhere.— Science Service 
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THE INTRODUCTORY COURSE IN ORGANIC CHEMISTRY: 
MINIMUM ESSENTIALS OF SUBJECT-MATTER* 


RoceR ADAMS, UNIVERSITY OF ILLINOIS, URBANA, ILLINOIS 


The character of the material presented in an introductory course in 
organic chemistry will depend somewhat on whether it is a one- or a two- 
semester course. It is my personal conviction that all students beginning 
organic chemistry should first have a one-semester survey of the subject, 
emphasizing particularly the basic principles of organic chemistry. If 
the student stops then he has had a brief, but broad view of the whole 
field, while if he goes on for another semester or more, he has a framework 
into which he can fit the more thorough and detailed knowledge that he 
must then acquire. ‘The objection to starting the beginning student in 
a two-semester course and proceeding slowly and thoroughly to cover 
in a rather comprehensive manner the whole field of general organic chem- 
istry, is that before the year is up he gets the impression that organic 
chemistry is a mass of facts, because he forgets much of the first part of 
the course before he completés the last part. But, if he has had a picture 
of organic chemistry, he will have some idea what to expect in the more 
thorough or specialized courses that follow, and they will be easier for 
him. 

Most of the students who come to us as graduates (the majority from 
small colleges) are so woefully ignorant of organic chemistry that it is 
necessary to give them another introductory course. Consequently, the 
whole field of organic chemistry is covered from the beginning, and de- 
veloped rapidly and thoroughly, until at the end the students either have 
had recalled to them all of the essentials of organic chemistry which they 
had previously studied, or have had the opportunity to learn them for 
the first time. Throughout this course every effort is made to get the 
student’s knowledge arranged. and correlated into a well-understood 
and usable form. 

The general topics in a one-semester elementary organic chemistry 
course are practically the same regardless of the college or university 
where the course is given. ‘The important factor is the relative emphasis 
oneach topic. There is ordinarily a tendency to include too much material 
rather than too little. The student will learn and remember more if 
what is presented is sufficiently limited so that he is not completely over- 
whelmed by it. In the elementary course there is always the question 
as to what subjects or details are of such importance that they must be 
included, and what should be omitted to make room for something else. 
A few of the more important points follow. 

* Paper delivered at the joint session of the Divisions of Organic Chemistry and 
Chemical Education of the A. C. S. at Richmond, Va., April 14, 1927. 
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Presentation of Organic Chemistry— In my opinion the division of 
organic chemistry into aliphatic and aromatic compounds for presenta- 
tion to the elementary student is by far the most satisfactory procedure 
from a pedagogical standpoint. In a second semester course it makes 
no difference, in fact it might usually be advisable to present the aliphatic 
and aromatic compounds simultaneously. 

Relationship to Inorganic Chemistry—The relationship of organic 
chemistry to inorganic chemistry, and particularly the characteristic 
differences, should first be pointed out to the student. Among other 
things this will involve a careful explanation of isomerism and experience 
in the writing of isomers. 

The nomenclature of organic compounds is either sadly neglected by 
the average teacher in the introductory course in organic chemistry or 
else the student has not been impressed with the subject sufficiently so that 
he retains even the most elementary facts concerning it. A couple of 
lectures devoted to a careful study of nomenclature is not time wasted, as 
the student will never thereafter be awed by a long organic chemical name. 
Nomenclature is as important for those who are merely taking organic 
chemistry in connection with some other field of work as for the chemist. 
The interest of the student in this field is easily aroused, and the ex- 
planation of two or three systems of naming the simpler organic com- 
pounds furnishes a good opportunity to point out how the science has 
developed and is still progressing. 

Functional Groups and Homologous Series —Early in the course it 
is desirable to emphasize the meaning and importance of the functional 
group and its significance as far as the reactivity of various compounds 
is concerned. ‘The similarities and dissimilarities between these functional 
groups can then be considered as each homologous series is discussed. 

Reactions.— A common fault in an elementary course is the presen- 
tation of too many reactions to the student. One or two, or in special 
cases a few more, for each functional group are sufficient to illustrate 
how the compounds behave. ‘The difference between general and specific 
reactions should be emphasized. A correlation of the mechanism of the 
reactions of similar functional groups always aids the student in remember- 
ing. 

Optical Isomerism and Tautomerism.— Optical isomerism is so important 
that it should always be discussed in an introductory course though it is 
better, in my opinion, to introduce it later than is generally done in the 
average text. It is inadvisable, unless a picked group is being taught, 
to attempt a discussion of geometric isomerism and tautomerism. ‘These 
fields can better be considered in a second course. 

Compounds with More Than One Functional Group.— A minimum amount 
of time should be devoted to a discussion of those compounds containing 
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more than one functional group. ‘There are a few complicated compounds 
important because of their very general natural occurrence, and there are 
a certain number of simpler substances such as glycerol, oxalic acid, etc., 
which can be used to illustrate the large number of products of reaction 
that are possible. It may even be advisable to point out, with one or two 
examples, the fact that two functional groups in a certain relationship 
to each other within the molecule will sometimes make possible certain 
special reactions. 

Natural Products.— ‘The importance of natural products as sources 
of organic compounds should be emphasized, and sufficient stress should 
be laid on important facts concerning animal and vegetable oils, carbo- 
hydrates, proteins, etc. 

Practical Applications — ‘The average introductory student will have 
his or her interest in organic chemistry stimulated far more deeply if, 
wherever possible, the teacher takes the opportunity to point out the 
practical application of whatever compound may be in process of discussion. 
The fundamentals are appreciated much more if a clear understanding 
of the relationship of organic*chemistry to everyday substances is pointed 
out. 

Electronic Conceptions.— ‘The electronic conception of valence should 
best be reserved for discussion in the second course in organic chemistry. 
Students with a general knowledge of the field of organic chemistry are 
in a better position to give the proper weight to such conceptions than if 
such conceptions must be absorbed at the same time as the more important 
fundamental facts are being presented. 


Garlic Smell Made Rose Sweet by Chemist. Changing the odor of substances 
that ordinarily smell like rotten eggs and garlic to the fragrance of the geranium and 
the tea rose is part of the work of Dr. Marston Taylor Bogert, professor of organic 
chemistry in Columbia University. 

Professor Bogert is director of the research department established in the Univer- 
sity more than a year ago by the American Manufacturers of Toilet Articles, the organi- 
zation representing the perfume and cosmetic industry, for the purpose of making a 
study of the relation between odor and chemical constitution. Since the founding of 
this department gratifying and startling results have been obtained. 

The new sulfur and selenium compound is typical. Ordinarily unoxidized uli or 
selenium organic compounds have exceedingly disgusting and unpleasant odors. Some- 
times the odor is so powerful that 1/460,000,000 of a milligram of the substance is suf- 
ficient to give a fairly perceptible smell. The odor of sulfur is like rotten eggs; that of 
selenium, like rotten eggs and garlic. Yet Professor Bogert and his associates have suc- 
ceeded in synthesizing a totally new compound containing both unoxidized sulfur and 
unoxidized selenium, yet recalling in its fragrance the geranium and the tea rose.— 
Science Service 
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HOW MUCH ORGANIC CHEMISTRY SHOULD BE INCLUDED IN 
THE GENERAL CHEMISTRY COURSE?* 


Frank C. WHITMORE, NORTHWESTERN UNIVERSITY, EVANSTON, ILLINOIS 


Of course, many answers could be given to this question varying from 
none to the amount of organic chemistry included in some of the larger 
freshman texts. My particular way of answering it may be introduced 
by another question—What is the purpose of the course in general chem- 
istry? For perhaps ninety. per cent of the students this purpose has 
very little to do with professional chemistry, either as applied in chem- 
istry or in pursuits such as engineering and medicine, which use chemistry 
asa tool. Most of the students are preparing for some life activity which 
can be carried on rather successfully without any chemistry but which 
will be more interesting with a slight knowledge of chemistry. 

For this class of students it is important to give in the general course 
a few of the fundamental conceptions of organic chemistry. I would 
consider these to be the conception of structural formulas as distinct 
from the ordinary formulas used in the rest of the course, the existence 
of homologous series and the existence of isomers. Of course, the fact 
that the compounds of carbon outnumber the compounds of all other 
elements by about five to one should be brought out. This will naturally 
impress the student with the complexity and consequently almost limit- 
less possibilities of organic chemistry. The existence of homologous 
series will serve as a simplifying influence in what would otherwise appear 
chaotic. 

I usually start with methane and show structurally that the addition 
of a carbon atom also involves the addition of two extra hydrogens and 
thus build up the methane series. Starting with ethane I show that 
the two carbons can be held together by two valences from each, thus 
leaving room for only two hydrogens on each carbon. The ethylene 
series is built up from this first member. ‘The acetylene series follows 
in logical order. When I have finished this phase of the subject, I have 
on the blackboard three columns containing empirical formulas of the 
three simple series of hydrocarbons. Going down each column there 
is a constant difference of CH. Going across there is a constant differ- 
ence of two hydrogen atoms. 

To keep up the interest in the practical or applied, I give very little 
about the occurrence of the methane hydrocarbons in petroleum, etc., 
a little on the ethylene series in cracked gasoline, and a few words about 
acetylene. 

* Paper delivered at the joint session of the Divisions of Organic Chemistry and 
Chemical Education of the A. C. S. at Richmond, Va., April 14, 1927. In the absence of 
the author, this paper was read by R. A. Baker. 
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In giving the conception of isomerism I give a list of facts about the 
number of hydrocarbons of a given formula, emphasizing just what we 
mean by saying that there are two different butanes, considering briefly 
the analyses, molecular weights, boiling points, etc. I then have the 
students attack the problem of arranging four carbons and ten hydrogens 
in all possible ways consistent with the quadrivalence of carbon and the 
univalence of hydrogen. ‘They then attack this problem with the isomeric 
pentanes, 

At the present time it is possible to give an added touch of reality to 
this little game by telling them of the work of the Ethyl Gasoline Cor- 
poration in synthesizing all nine of the isomeric heptanes at a cost of 
many thousands of dollars for the purpose of studying the effect of isom- 
erism on knocking of gasoline. The fact that some of these heptanes 
create a worse knock than rather high boiling kerosene and that others 
are very good anti-knocks impresses the student with a practical difference 
between isomers. 

I next take up a series illustrating the theoretical stages of the oxida- 
tion of methane. This seriés, of course, includes methyl alcohol, for- 
maldehyde, formic acid, and carbonic acid. A few important members 
of each homologous series which is started by these substances are given, 
Certain variations of these type substances are given, such as glycerol, 
glucose, and sucrose. ‘The combination of an alcohol and an acid to form 
an ester is considered, and the fats are taken up briefly. The formula 
of a simple polypeptide is given and the proteins are mentioned. 

I usually finish by giving the structural formula of indigo, with a little 
talk on how chemists work out their formulas, which are really their 
working blue prints, and then build up the materials from these blue 
prints, and finally introduce all sorts of variations and improvements 
on the original substances. In connection with indigo I show some of 
the modifications such as thioindigo red and Tyrian purple. 

Obviously, the student cannot be expected to master all this material, 
but the exposure to it broadens his conception of man’s power over matter 
in a very worthwhile way. I have not considered here the amount of 
organic chemistry as applied to foods and similar materials which may 
be taken up in the general course. 


Discussion—LeEp By W. M. BLANCHARD 
(REPORTED BY RALPH V. McGrew) 


W. M. Blanchard, De Pauw University. 

I thought the meeting this morning was to consider the introductory 
course in organic chemistry, whereas Dr. Whitmore seems to have talked 
about the little organic chemistry that we can give in the introductory 
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course in general chemistry. ‘The remarks I had intended to make would 
not, therefore, be appropriate to open the discussion on this paper. 


J. S. Guy, Emory University. 


Why not make the first course in chemistry a course in elementary 
organic instead of inorganic? Inorganic chemistry is coming to contain 
so much physical chemistry and other complicated things that it is be- 
yond the understanding of the freshman. Elementary organic is not 
quite hard enough for him yet. I think I shall try such a system next 
year. 

Also, why not put quantitative analysis before qualitative? When 
the student takes qualitative first he develops careless habits of technic 
which he has to overcome before he can do good quantitative work. If 
he took quantitative first he would develop accuracy from the beginning 
and the theoretical side of analytical chemistry could be started just as 
well in the quantitative course as in the qualitative. 


A. J. Clark, Michigan Agricultural College. 


For the past ten years we have been giving a large amount of organic 
chemistry in our first-year course for students who will probably take 
only one year of chemistry. ‘This seems to be a sensible thing to do 
because really organic chemistry covers a larger field than inorganic and 
it is at least as important that the student know something about it. 
‘The inclusion of a large amount of organic chemistry makes an interesting 
and valuable course for students who do not have time to take separate 
courses in inorganic and organic. 


E. E. Reid, Johns Hopkins University. 


We give two courses in introductory chemistry: one is a fundamental 
course in inorganic for students who expect to take more chemistry; the 
other is a course for the other kind of students and is similar to that 
described by Professor Clark. The former is a prerequisite to all sub- 


sequent courses in chemistry, so if a student who has taken the more 


general course decides later to go on in chemistry he must take the in- 
organic course before he can proceed any further. He thus loses time, 
but the first two courses are different enough that he can learn something 
from each. However, cases of this kind are very rare, as the students 
nearly always decide definitely in advance whether they want to take 
more than one year of chemistry. 


The greatest and noblest pleasure which men can have in this world is to discover 
new truths; and the next is to shake off old prejudices.—FREDERICK THE GREAT 
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MINIMUM ESSENTIALS OF LABORATORY TECHNIC* 


H. T. CLARKE, EASTMAN Kopak Co., RocHESTER, NEw York 


The topic under discussion is intended to relate, in common with the 
other papers presented at this symposium, only to the first year of organic 
chemistry. Having been out of the teaching game for nearly fifteen years, 
and having had no teaching experience in this country, my remarks must 
necessarily be rather from the point of view of a user of products of uni- 
versities than that of a teacher. The difference between the activities 
of the university chemist and those of the industrial chemist, while often 
stressed, are in reality, however, only of a quantitative nature; in both 
cases the fundamental aim—the advancement of knowledge—is the same, 
and only the exceptional industrialist who carries on his work without 
subordinates can disclaim all teaching responsibilities. 

One of the things which has often struck me most forcibly in watching 
the work of young chemists fresh from the university, is their apparent 
inability to employ the apparatus at their disposal to the best advantage. 
Since in the majority of the uiiversities the introductory course of practical 
organic chemistry is concurrent with the introductory course in theo- 
retical organic chemistry, the first few weeks of practical work must nec- 
essarily be restricted in subject-matter, and this would seem the most 
appropriate point for the instructor to devote his attention to the purposes 
and uses of the more common pieces of apparatus employed by the 
organic chemist. 

In my experience, seventy-five per cent of the recent graduates from 
university laboratories do not do themselves justice when setting up 
apparatus involving the use of ring stands. If I were to confine this state- 
ment to girl chemists, candor would compel me to place the figure at one 
hundred per cent. ‘The laboratory instructor would not be wasting his 
time if he spent the first hour in demonstrating the use of the organic 
chemist’s hardware. ‘The stem of the clamp should be laid into the clamp 
holder from above, not from below; the jaws of the clamp should be 
brought as nearly as possible to the upright of the ringstand and not be 
suspended by a long length of stem. A condenser should be held by the 
jaws of the clamp as nearly as possible to the center of gravity when set 
downwards for distillation, and as high as possible above the central point 
when set in the refluxing position. Students should be shown how to line 
up their apparatus so that it does not develop stresses when the screws 
are tightened. ‘These may appear merely minor points, but I have found 
their observation to form a fairly accurate indication of the general men- 
tality and technic of new workers joining the laboratory. 

* Paper delivered at the joint session of the Divisions of Organic Chemistry and 
Chemical Education of the A. C. S. at Richmond, Va., April 14, 1927. 
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How often one meets the chemical student—or graduate, for that matter 
—who does not know how to obtain the best results from his gas burner, 
either dissipating most of the heat of the flame by setting it too far below 
the vessel to be heated, or, more commonly, half smothering it by placing 
the nozzle of the burner too near to the gauze. The novice should early 
be told that in order to obtain the maximum heat, the burner should be 
so set that the gauze intersects the flame at a zone approximately one-third 
of the distance from the tip to the apex of the blue inner cone. 

The use of flames should be discouraged whenever it is feasible to employ 
steam. Few laboratories of any size are without steam lines on the 
benches, and in many of them steam cones form part of the standing 
equipment. Where these are not available, steam baths, readily and simply 
constructed from sheet metal, are to be recommended. 

In many cases, the electric stove is a great convenience. ‘This particular 
piece of apparatus, however, is hardly to be recommended for student 
use, partly owing to its expense, but more particularly on account of its 
treacherous nature, being as dangerous a fire hazard as the gas flame 
while bearing a perfectly innocent appearance. However, the electric 
stove has much to recommend it in research laboratories; where a mixture 
is to be boiled for long periods under reflux, a round-bottom flask may be 
heated on an electric stove in an air bath consisting merely of a shallow, 
cylindrical metal can. 

The details of distillation may profitably be studied during a few hours 
early in the course, and I should be cordially in favor of including a dis- 
tillation of a mixture of two liquids, firstly in the ordinary way and secondly 
with the use of a fractionating column. The average recent graduate 
knows very little about the technic of distillation and what he does know 
is mostly wrong. He should early be shown that the separation of two 
liquids by distillation, which appears to offer no difficulties when described 
in the textbooks, is often a virtual impossibility unless suitable apparatus 
be employed. ‘This exercise may satisfactorily be carried out with a mix- 
ture of carbon tetrachloride and toluene, estimating the composition of 
the various fractions by specific gravity determinations. 

Having acquired, through his study of distillation, a knowledge of 
the determination of boiling points, the student may with advantage 
spend a short time in learning how to take melting points. He should 
learn how to make melting point tubes (this is best done by students in 
pairs), how to fill them and bring the sample to the bottom of the tube 
(by dropping this through a long glass tube onto a hard surface), what 
liquid to use in the bath, and how to heat it. ‘The use of two baths, one 
of sulfuric acid for temperatures below 180° and one of medicinal mineral 
oil for temperatures from 120° to above 300°, is to be recommended. 

Little attention seems to be paid in university laboratories to instruction 
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in the use of the separatory funnel. I have often been surprised to observe 
men of mature experience allow the upper layer to run through the stop- 
cock—a trick which I have always felt should be listed among the cardinal 
sins. My own ideas on the separation of liquids are undoubtedly unor- 
thodox, but I cannot see the necessity of a separatory funnel greater than, 
say, one liter. The agitation of two immiscible liquids, if they together 
amount to more than 800 cc., is more conveniently carried out in a stop- 
pered bottle than in a tap funnel; the bulk of the lower layer may be re- 
moved by siphon, and the upper by decantation, when the residual portions 
may be poured into a small tap funnel for complete separation. In demon- 
strating the technic of extraction, the instructor would do well to warn 
the student against the troublesome emulsions and fuzzy interfaces which 
he is likely to encounter, especially when the previous operations have 
exposed the mixture to contamination by silicic acid. It is surprising to 
observe how rapidly the volume of a colloidal suspension of this type can 
be reduced by alternately drawing off as much of the clear lower layer as 
possible and pouring off as much as possible of the clear upper layer. 
When the volume finally gets*so small as seriously to try the patience, the 
residual mixture can be filtered with suction through a soft filter paper and 
thus be freed of the semi-solid particles responsible for the trouble. Experi- 
ments illustrating this problem can readily be devised and might well be 
included among the first exercises in practical organic chemistry. 

The technic of recrystallization will, of course, have to be acquired early 
in the course. ‘The principal difficulties likely to be encountered here are 
connected with the filtration of hot saturated solutions, and in this par- 
ticular feature conditions vary so widely from instanc¥ to instance that 
it is not easy to lay down general rules. On the whole, my own experience 
has led me to give first choice to suction filtration, rather than to gravity 
filtration through a fluted filter paper, owing to the greater tendency in 
the latter case for crystals to separate on the filter. On the other hand, 
there is nothing more annoying than the deposition of crystals in the per- 
forations of a suction funnel, which is apt to occur with solutions in liquids 
of high volatility and in cases where the solubility falls rapidly on cooling 
below the boiling temperature. For this reason it is suggested that when 
filtration is being aided by suction a screw clamp be placed on the pressure- 
tubing and so adjusted that only just enough air and vapor are drawn off 
to ensure satisfactory filtration. Preheating the funnel, keeping the 
volume of unfiltered solution in the funnel as small as possible, and the use 
of a cover to minimize surface evaporation and cooling, are also of aid. 
When the use of a fluted filter is indicated, it is often of advantage to 
stopper the funnel on to the receiving flask, which is suitably heated 
so that the vapors of the solvent surround the paper and thus retard 
crystallization in it, Loss of vapor can be prevented by placing a round 
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flask, partly filled with cold water, in the mouth of the funnel. This 
also has the advantage of continually diluting the unfiltered solution with- 
out adding to the total amount of solvent. 

In suction filtration in general, unless the volume of liquor is very small, 
it is well to discourage the use of the orthodox suction flask, which, among 
other disadvantages,. has an annoying tendency to allow filtrate to flow 
through the side-arm to the pump. In general, the use of a round flask 
or a bottle as receiver is preferable, the funnel being attached by a doubly 
bored stopper carrying a right-angled tube to which the suction is applied. 

‘The use of a rubber dam, recommended by R. A. Gortner,! in the collec- 
tion and washing of bulky solids on the suction funnel, appears to have 
been adopted far less widely than it deserves. It is of surprising value 
in the handling of even quite small quantities of crystals of the needle 
type, which in the ordinary way do not pack well on the filter and thus 
require unduly large volumes of wash liquid. 

The choice of a suitable spatula for student use must occasion careful 
thought. ‘Toward a solution of this question, I offer as a suggestion the 
use of wooden tongue depressors, which may be employed once and then 
thrown away. ‘Their cost is extremely low. An alternative is a glass 
tube provided with a spade-like end; this is readily made by heating one 
end of a stout tube to form a thick button of hot glass and then rolling 
this out on a flat surface by means of a carbon rod. 

During the first few weeks spent in the preliminary study of technic, the 
student should have acquired a sufficient knowledge of theoretical organic 
chemistry to enable him to carry out intelligently a series of experiments 
illustrating points which have been taken up in his theoretical course. 

I shall not attempt to suggest such a list, which must depend on the 
topics discussed in the lectures, but I do urge that the quantitative aspect of 
organic chemical reactions be always held before the student’s eyes. This 
can be aided by indicating the quantities of reacting substances in molec- 
ular equivalents rather than in grams. ‘The student should be taught 
to work as cleanly as in his exercises in inorganic quantitative analysis. 

Whenever feasible, experiments should be planned which can be con- 
trolled by volumetric measurements—a burette should always be at 
hand—and yields of by-products, such as hydrochloric acid or ammonia, 
may be determined as well as those of the principal products. The prep- 
aration of esters and amides may be followed by quantitative hydrolysis, 
the neutralization equivalents of acids and bases estimated, and Kjeldahl 
determinations made on suitable nitrogenous preparations. ‘The inter- 
spersion of quantitative with qualitative methods will automatically 
induce a critical regard for purity, and cannot fail to help a student to 
understand the basic principles involved in the reactions he is performing. 

1 J. Am. Chem. Soc., 36, 1967 (1914). 
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THE USE OF THE EQUIVALENT SYSTEM IN CHEMICAL CALCU- 
LATIONS 


W. M. Hoskins, UNIversity oF NEvADA, RENO, NEVADA 


I. Methods Used in Expressing Quantities of Chemical Substances 


A number of different terms for expressing quantity are in common 
use among chemists. Most of these, such as the pound, ton, and gram, 
are also used outside of the scientific field. Two systems, the mol or 
gram-molecular weight and the equivalent or gram-equivalent weight, 
are employed almost exclusively in chemical and physical calculations. 
The mol, which may be defined as the weight of a given pure substance 
equal: in grams to the molecular weight, is too familiar to need further 
explanation. But the equivalent, which may be defined in a like manner 
as the weight of a given pure substance equal in grams to its equivalent 
or reacting weight, is not ordinarily employed as extensively as its useful- 
ness would seem to justify. 

The actual magnitude in grams of an equivalent of any element may 
be easily calculated since it is the weight of that element which will either 
react with or take the place of one equivalent of hydrogen which is 1.008 
grams of that element. The element hydrogen is taken as a convenient 
standard since its only valence, besides zero, is unity, though the equiva- 
lent weight of any element could be used ‘if desired, e. g., 35.46 grams of 
chlorine. Expressed in another way, an equivalent of any element is 
its atomic weight divided by its valence in its various compounds. When 
more than one valence exists, as in the case of iron, there will be a cor- 
responding number of different equivalent weights. In the case of com- 
pounds which may be derived from a hydrogen compound the equivalent 
may be taken as that weight in grams which may be prepared from one 
equivalent of hydrogen. Thus, an equivalent of sodium sulfate is one- 
half the molecular weight or 71 since that many grams may be prepared 
from 49 grams of sulfuric acid, which contain one equivalent of hydrogen. 
This method of calculating the equivalent weight cannot be applied to 
many organic compounds but it will be shown later in discussing the 
more general meaning of the term equivalent that its magnitude may 
be calculated for absolutely any pure substance. 

It is interesting to note that a fairly extensive table of equivalent 
weights of a number of elements and simple compounds was drawn up 
before the idea of atomic weights was clearly understood and in fact 
before the reality of atoms and molecules was appreciated.' 


1 Wollaston, Phil. Trans., Part I, page 1 (1814). 
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II. Definition of Equivalent in Terms of Electrons Involved 


Modern research on atomic and molecular structure has revealed the 
importance of the electron or atom of negative electricity. Chemical 
reactions can be grouped into two large classes: (a), those in which an 
exchange of electrons occurs and (b), those in which no exchange occurs. 
The first class, often called oxidation-reduction reactions, results in changes 
in valence of at least part of the elements involved. Thus the oxidation 
of hydrogen sulfide by the oxygen of the air, according to the equation: 
HS + 1/202 —> H20 + §, results in the following changes of valence, 
S-2 —> S°, and O° —> O-*. In other words the sulfur atom of 
hydrogen sulfide has given two electrons to the neutral oxygen atom and 
neutral sulfur and negatively charged oxygen have been produced. The 
change in valence which any element undergoes in any reaction is always 
numerically equal to the number of electrons it has gained or lost per 
atom during the reaction. 

For oxidation-reduction reactions one equivalent of an element or 
cumpound is that weight in grams which during a given reaction will 
either gain or lose a number of electrons equal to the number which one 
gram atom of neutral hydrogen loses when it acquires unit positive valence. 
The work of Millikan in his famous oil-drop experiment established the 
identity of the charges of an electron and that of a monovalent ion.’ 
Hence the number of electrons which one equivalent of an element or 
compound will gain or lose during a given reaction is the Avogadro num- 
ber, N = 6.062 X 10%5. This may be conveniently designated as an 
equivalent of electrons or negative electricity whose weight will be '/jss5 
of 1.008 or 5.46 X 10~4 grams. A corresponding number of unit positive 
charges or protons, weighing 1.008 grams will be one equivalent of positive 
electricity. Many years ago Faraday established the validity of his 
well-known law that the same amount of electricity is required when 
one reacting weight of any element is liberated at an electrode. ‘The 
most probable value for this amount of electricity is 96,500 coulombs.* 
Hence one equivalent of an element or compound may also be defined 
as that weight in grams which gains or loses 96,500 coulombs (one Faraday) 
during a reaction. 

The second type of reaction, which involves no exchange of electrons 
and includes only compounds, is illustrated by the familiar double de- 
composition reactions. ‘The equivalent is defined in this case in terms 
of the charge, either positive or negative, borne by the reacting groups. 
Thus, in the reaction between sodium sulfate and barium chloride: 
Na2SO, + BaCl, —» 2NaCl + BaSQ,, one equivalent of either of the 


2 Millikan, ‘“The Electron,” Univ. of Chicago Press, 1924. 
5 Taylor, ‘Treatise on Phys. Chem.,”’ Vol. I, p. 19. D. Van Nostrand Co., 1925. 
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reactants is one-half of the gram-molecular weight since there are two 
sodium atoms, each having unit plus charge, in one molecule of the first 
and one barium atom having two plus charges in a molecule of the second. 
The same result would be obtained by using the negative sulfate and 
chloride groups. The method of calculation is the same whether the 
reaction is ionic or non-ionic. 

It will be noted from the discussion above that the meaning of an 
equivalent is inseparably bound up with a reaction. The apparent 
ambiguity in the magnitude of an equivalent of those elements which 
exist in different valences now disappears. Thus, an equivalent of iron 
in all reactions involving a change from free iron to the ferrous or di- 
valent state is one-half of 55.84 or 27.92 grams, since two equivalents 
of electrons are involved per gram atom of the metal. And for all re- 
actions in which the ferrous state is preserved the equivalent continues 
to be 27.92 grams. For all reactions involving a change from free iron 
to the ferric or trivalent state and for all reactions in which the ferric 
state is preserved an equivalent is '/; of 55.84 or 18.61 grams. For all 
reactions in which iron changes from the divalent to the trivalent condition, 
or vice versa, the equivalent is 55.84 grams since one equivalent of elec- 
trons per gram-atom of iron is involved in the change as shown by the 
equation: Fet+ —> Fet++ + 

This conception of the equivalent enables a value to be assigned to 
it for any element or compound. A few examples will make the method 
clear. Nitrous acid, HNO:, may be used either as an acid or as a reducing 
agent. As an acid, an equivalent is the molecular weight in grams since 
there is no change in valence and one hydrogen atom of unit positive 
charge is furnished by each molecule of the acid. When used as a re- 
ducing agent the usual product is nitric acid or a nitrate and the reaction 
may be represented by: HNO, + O-? —> HNO; + 2e. Since two 
equivalents of electrons come from one mol of HNOs, an equivalent of 
the latter is one-half the molecular weight or 23.5 grams. The same 
result, of course, may be obtained by considering that the nitrogen changed 
in valence by two, from +3 to +5. Hence one-half of the molecular 
weight will be required for a change involving one equivalent of electrons. 
The weight of an equivalent of the element nitrogen for this reaction is 
likewise one-half of the atomic weight or 7 grams. x 

The oxidation of ferrous iron by permanganate in acid and in basic 
solution affords an interesting illustration of how the equivalent weight 
may be calculated. In presence of an acid the reaction proceeds as 
follows: + 5Fe++ + 8H*+ Mntt + 5Fet++ + 4H,0. 
The half reactions are: MnO,- + 8H*+ + 5e —» Mn++ + 4H:O and 
5Fet++ —> 5Fet++ + 5e. That the equivalent weight of the perman- 
ganate is 1/; the molecular weight may be seen either from the fact that 
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the manganese changes in valence by 5 (+7 to +2), or by noting that 
five equivalents of electrons are taken up by one mol of permanganate. 
In basic solution the equation is: MnO,y~ + 3Fet+ + 2H.0 + 50H- 
— > MnO, + 3Fe(OH);. That an equivalent of permanganate here 
is 1/s the molecular weight may be seen by calculating the valence change 
of the manganese (+7 to +4). The same result would be obtained by 
writing the half reactions. 

An illustration from organic chemistry will also show the generality 
of the method. What is an equivalent of acetaldehyde in the reaction 
which oxidizes it to acetic acid? ‘The process involves the addition of 
an atom of oxygen, usually obtained from an oxidizing agent which readily 
gives up part of its oxygen, e. g., permanganate. The equation may 
be written: H;CCHO + O-? —» H;CCOOH + 2. Hence two 
equivalents of electrons are associated with one mol of acetaldehyde 
and an equivalent of the latter is one-half the molecular weight or 22 
grams. 

III. Applications to Oxidation-Reduction Reactions 


From the standpoint of practical application of the equivalent system, 
as in teaching, its uses may be roughly grouped under three heads: (a), 
oxidation-reduction reactions, (b), concentration of solutions, (c), elec- 
trode potentials. Practical experience extending over several years has 
shown that even beginning students very easily grasp the significance 
of valence changes in terms of gain or loss of electrons and the application 
to oxidation-reduction reactions. Using the fact that the total number 
of equivalents of electrons lost by the reductant are gained by the oxidant, 
it is not hard to balance any equation involving a change in valence. 
For example, the reaction between dichromate and iodide in acid solution 
gives the products chromic ion, water, and free iodine. The equation 
before balancing is: + I- + H+ Crt++ + + 
It is easily seen that the change in valence of chromium is from +6 to 
+3 or a reduction of 3 per atom or 6 per dichromate ion. Hence, six 
equivalents of electrons are taken up by one gram ion of dichromate. 
On the other hand, an iodide ion changes in valence from —1 to zero, 
or one equivalent of electrons is given up by each gram ion. In order 
that all the electrons given up by the reductant shall be taken in by the 
oxidant it is necessary to use six iodide ions to one dichromate ion. The 
following form is convenient in all such cases: 

ti 6(+1) = +6 0 
+ 6I- + 14H+ —> 2Crt+++ + 7H20 + 3h. ‘The numbers 
2(-—3) = —6 +3 
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within the parentheses represent the valence changes per atom, while 
those outside the parentheses are the numbers of atoms concerned. In 
this case the equation is finally completed by taking 14H* to unite with 
the oxygen from the dichromate and form water. 

It is often of importance to determine the oxidizing or reducing capacity 
of a substance, e. g., of dichromate. As shown above there are six equiva- 
lents of electrons taken up per mol and, therefore, the oxidizing capacity 
of the dichromate of potassium or other similar metal is six. What is 
the reducing capacity of hydroxylamine as shown in the reaction by 
which it precipitates free gold from auric chloride and is itself oxidized 
to nitrous oxide and water? The equation before balancing is: NH,OH 
+ AuCl; —> N.O + Au + H,O + Cl-. Upon setting down the valence 
changes it will be seen that the nitrogen changes from —1to +1. Hence 
each mol of hydroxylamine loses two equivalents of electrons and the 
reducing capacity is, therefore, two. By noting that the gold gains three 
equivalents of electrons per mol the equation may be balanced: 


4(—3) = -12 
(—3) 


+3 
6NH20H + 4AuCl —> + 4Au + 3H20 + 12HCI. 
6(+2) = +12 41 


Degree of unsaturation may be conveniently expressed in terms of 
equivalents. ‘Thus CO is unsaturated to the extent of two equivalents, 
because the carbon is capable of changing its valence from +2 to +4 
as in carbon dioxide. Oleic acid is also unsaturated to the extent of 
two equivalents for it can add two atoms of hydrogen per molecule. In 
general, each double bond causes an unsaturation of two equivalents and 
each triple bond just twice as much. Degree of unsaturation is thus 
seen to be very closely akin to oxidizing and reducing capacity as dis- 


cussed above. 
IV. Application to Solutions 


The concentration of solutions is often expressed in terms of normality, 
a 1N solution being defined as one that contains one equivalent of solute 
per liter of solution. Concentration expressed in any terms can be readily 
changed to normality by the methods illustrated above. For example, 
a given solution contains 62 grams of sulfuric acid in a liter of solution, 
what is its.normality? The weight of one equivalent of sulfuric acid 
is 1/2 of 98 or 49 grams. Hence there are ®/49 or 1.265 equivalents of 
acid per liter or the concentration is 1.265N. The particular value of 
the equivalent system in titrations comes from the fact that one equiva- 
lent of any acid will combine with one equivalent of any base to produce 
one equivalent of the resulting salt and-in the same manner one equivatent 
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of any oxidizing agent will react with one equivalent of any reducing 
agent. For example, it was found that 2.7463 grams of an impure sample 
of potassium acid tartrate (HKC,H,O¢) required 35.20 cc. of 0.4N alkali 
solution for neutralization; how many grams of the tartrate should be 
used to make one liter of 1N solution? Since concentrations are ex- 
pressed in equivalents it is not necessary to specify what kind of alkali 


was used. 35.20 cc. of 0.4N alkali solution will contain 1000 X 0.4 = 


0.01408 equivalent and hence there are the same number of equivalents 
in the 2.7463 grams of tartrate. The weight necessary for one equivalent 
is given by x in the proportion x: 1 = 2.7463:0.01408 or x = 195.0497 
grams required for one liter of 1N solution. A comparison of this cal- 
culation with that using the molecular weight will forcibly illustrate the 
saving in time and in chance for error. 

An ever-recurring problem in industrial laboratories is the preparation 
of a standard solution of such strength that one cc. or an integral part 
thereof shall represent 1% of a given constituent in a sample of constant 
weight. Suppose 0.5 gram samples containing iron are used and it is 
desired to use such a potassium dichromate solution that one cc. shall 
correspond to 1% of iron in the sample. ‘The equation for the reaction is: 


6(+1) = +6 
49 (+1) = + on 
K.Cr.0; + 6FeCk + —> 2CrCl; + 3FeCk + 2KCl + 7H.0, 
2(—3) = —6 
+6 = +3 


from which it is apparent that one equivalent of iron is 55.84 grams and 
one equivalent of potassium dichromate is '/s of 294.2 or 49.0333 grams. 
1% of 0.5 gram is 0.005 gram of iron or 0.00008954 equivalent of iron 
which are to correspond to one cc. of the solution. Hence one cc. of the 
dichromate solution must contain 0.00008954 equivalent or 0.0043905 
gram of potassium dichromate. Therefore, use 4.3905 grams for one 
liter of solution. 

Calculations of strength of a standard solution in terms of one substance 
when the standardization was made against a different chemical can be 
easily carried out in the equivalent system. For example, 1.401 grams 
of sodium oxalate (Na,C20,) were placed in 250 cc. of solution; 26.50 cc. 
of this solution reacted with 25.08 cc. of a potassium permanganate solution. 
One cc. of the permanganate solution corresponds to how many grams 
of iron as determined by the permanganate method? The equation is: 
5Na2C20, + 2KMnO, + 16HCl —> 10CO, + 2MnCk + 10NaCl + 


2KCl + 8H,0. From the equation it will be seen that one mol of sodium 
1.401 2 


oxalate equals two equivalents. Hence there were 134 X 250 > 0.00008364 
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equivalent in one cc. of the oxalate solution. In the permanganate 
solution there were (26.50/25.08) x 0.00008364 or 0.0000883 equivalent 
per cc. One equivalent of iron in this determination (Fet+ —> Fe++*) 
is 55.84 grams. Hence one cc. of permanganate solution equals 55.84 
X 0.0000883 = 0.004937 gram of iron. A comparison of this method 
of solving the problem with that given on page 185 of Lincoln and Walton’s 
Elementary Quantitative Chemical Analysis will afford a good contrast 
of the two methods. 

The electrical conductivities of different solutions are most readily 
compared when expressed in terms of equivalent conductance which is 
defined as the conductance of a sufficient volume of a given solution to 
contain one equivalent of solute when the solution is placed between 
parallel electrodes one cm. apart. Ionic conductances are usually ex- 
pressed per equivalent; thus the ionic conductances of zinc and sulfate 
ions at infinite dilution are: 1/2Zn++ = 45.6 and '/2SO,-— = 68.0. 
In calculating transference numbers for the ions of electrolytes it is very 
convenient to express the amount of electricity that flows in terms of 
equivalents. Noyes and Shérrill use the expression ‘Faraday of elec- 
tricity” with the same meaning.‘ 


V. Application to Electrode Potentials 


The calculation of electrode potentials unavoidably involves the equiva- 
lent system. ‘The expression first given by Nernst for the potential 


difference between a metal electrode and a solution of one of its salts 
—RT P 
when they are in contact is E = nF In p in which R, 7, and F are 


the gas constant, absolute temperature, and the Faraday, respectively, 
P is the electrolytic solution pressure of the metal, p is the osmotic pressure 
of the metallic ions and is the number of equivalents of electrons which 
are given up by the metal when one mol of it changes to the ionic form. 
This expression may be transformed to a more convenient form, E = 


RT 
Fo + ait. In C, in which E is the potential difference when the ionic con- 


centration is unity and C is any particular concentration to which a par- 
ticular value of E corresponds. For non-metallic electrodes a similar 
equation with change in sign is used.> ‘The progress of titrations is often 
followed by noting the change in potential of an electric cell, one elec- 
trode of which is a standard such as the hydrogen or calomel electrode 
while the other is a metal dipping into the solution which is being titrated. 
Near the point at which an equal number of equivalents of the unknown 

4 Noyes and Sherrill, “Chemical Principles,’ p. 111, Macmillan Co., 1922. 

5 For derivation of the equation see Kolthoff and Furman, ‘Potentiometric Titra- 
tions,” p. 38, John Wiley & Sons, Inc., 1926, or any textbook on physical chemistry. 
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and of the titrating agent have been added the potential will change 
very rapidly and the point of maximum rate of change corresponds ex- 
ceedingly closely to the equivalence point, often loosely called the “‘end- 
point.” 

The calculation of the potential in oxidation-reduction systems is 
another good illustration of the use of the equivalent method. Suppose 
permanganate is being used to titrate an oxidizable substance, e. g., iodide 
ions. ‘The reaction is: MnO,~ + 5I- + 8SH+—> Mnt+ + 5/21, + 4H20. 


Each gram ion of permanganate takes in five equivalents of electrons in 
H E=E RT in (MnO,~) (H*)8 
changing to manganous ion. Hence E = Ey + 5F (Mn++) 


The enormous effect of varying H* concentration may be entirely obviated 
by using a large excess of a strong acid, so that there is a constant con- 
centration of H+. The reaction could also be followed by using the 
iodine electrode, in which case the value of in the original equation 
above is 1 and the precaution must be taken that the solution is saturated 
with I, whenever a reading is taken. In general, it is true that for any 
imaginable electrode the potential is inversely proportional to the number 
of equivalents of electrons involved in changing one mol of the reacting 
substance from its original to its final form. It will be noticed that this 
amounts to the statement that the potential of an electrode is inversely 
dependent upon the oxidizing or reducing capacity of the substance 
undergoing chemical change. 


VI. Summary 


The purpose of this paper is to point out to chemists, and particularly 
to those engaged in teaching the science of chemistry, that the equivalent 
is a very convenient unit of matter, since it is independent of physical 
conditions and equal numbers of equivalents of various substances are 
interchangeable in many instances. ‘The equivalent of electricity is a 
useful unit of charge. ‘The electrical nature of matter causes the equiva- 
lent to be of more fundamental importance in many cases than the mol. 
Illustrations have been given of the use of the equivalent system in several 
different situations, such as balancing oxidation-reduction equations, 
calculating oxidizing or reducing capacity and degree of unsaturation, 
preparing solutions of a required strength and calculating potentials 
during potentiometric titrations. 


I look upon the common operations and practices of chymists almost as I do on the 
letters of the alphabet, without whose knowledge ’tis very hard for a man to become a 
philosopher; and yet that knowledge is very far from being sufficient to make him one.— 
Ropert (THE ScepricaL, Cuymist) 


. 
‘ 
t 
; me 
i] 
i 


Vou. 4, No.8 BALANCING oF OxIDATION-REDUCTION Eguations. I 1021 


THE BALANCING OF OXIDATION-REDUCTION EQUATIONS. I 


Eric R. Jerre, New York UNIveErsity, AND V. K. LA Mgr, CoLumBiA UNIVERSITY, 
New York City 


Introduction 


Experience shows that oxidation-reduction reactions are difficult for 
students of inorganic chemistry to grasp, and that much of this difficulty 
arises from the methods used in balancing the equations involved. Many 
of the" proposed methods have been entirely artificial and, sooner or later, 
students using them encounter difficulties which they cannot surmount. 
In this paper the important features of inorganic oxidations and reductions 
are discussed in some detail, and two methods which have proved satis- 
factory are described. 

No particular originality is claimed by the present writers for the 
methods outlined. The so-called “valence change’? method has been 
widely used but not always in a form which agrees with experiment. 
The “‘ion-electron’’ method is founded essentially upon electro-chemical 
considerations, discussions of which may be found in various textbooks. 
This method is mentioned briefly in connection with specific examples 
in certain of the textbooks of inorganic chemistry but in none of them, 
so far as could be determined, is there an exposition which emphasizes 
that it has a sound experimental basis (for reactions taking place in aqueous 
solution), that it has a wide range of applicability and that it leads, when 
correctly presented, to a better understanding of the reaction. It is 
the particular purpose of the writers to develop these points in the dis- 
cussion of the ion-electron method and to bring together the different 
cases to which it is applicable. Certain pedagogical features will also 
be mentioned. 

It will be recalled that the fundamental difference between oxidation- 
reduction reactions and all others is that a change of valence is involved, 
1. €., some atom (or group of atoms) has its valence increased while the 
valence of some other atom (or group of atoms) is decreased. In con- 
sidering these reactions it is essential to associate the change of valence 
with the gain or loss of electrons by the atom (or group of atoms). Oxi- 
dation is best defined as the loss of electrons by an atom or group of atoms 
and, similarly, reduction as the gain of electrons. From this alone it 
will be seen that oxidizing agents are by no means limited to substances 
containing oxygen, nor reducing agents to substances containing hydrogen. 
Also, a single substance, e. g., HNO2, may act either as an oxidizing agent 

1 Steiglitz, “Qualitative Analysis,’ Century Co., 1911, Vol. I, Chap. 14 and 15; 
“Smith’s Inorganic Chemistry,” revised by Kendall, Century Co., 1926, Chap. 
21 and 48; Treadwell and Hall, ‘Analytical Chemistry,” John Wiley & Sons, Inc., Vol. 
I; Fales, ‘Quantitative Analysis,” Century Co., 1925. 
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or as a reducing agent, depending entirely upon whether electrons are 
being lost or gained. 

Due to: the limitations of our present knowledge, it is convenient to 
resolve this large group of reactions into two smaller groups. One in- 
cludes reactions taking place in the dry state between solids or between 


gases; these, in general, will be called non-ionic reactions. The other 
group’ includes those reactions which take place in aqueous solution 


between dissolved substances and which will be called ionic reactions. 
That such a division is necessary, at least at present, will be clear from 
the following. There is a large mass of evidence to show that reactions 
taking place in aqueous solution are the result of interactions between 
substances in the ionized state and further, in the case of strong elec- 
trolytes, modern theory teaches that the unionized form is entirely absent 
or, if it exists at all, only in exceedingly small concentrations. For the 
strong electrolytes the ions may be treated as the only important factors. 
In the other group of reactions, conclusive evidence that the interactions 
are only between ions is lacking, especially in reactions between gases. 
Molten salts such as NaCl and KNO; possess high electrical conductivity 
which indicates the presence of a considerable number of free ions. Solid 
salts also have properties which demonstrate that they are built up of 
ions rather than molecules. But for other solid substances as well as 
liquids and gases, the ionic nature of their interactions has not been 
demonstrated in nearly so conclusive a fashion as for the reactions taking 
place between dissolved salts. It is usually preferable to consider the 
molecular substances as the units in these cases.” 

We may now proceed to the discussion of the methods of balancing 
equations for each of the two classes of reactions. It is extremely im- 
portant to remember that the application of either of these methods 
presupposes that the products of the reaction as well as the substances 
interacting are known. Without such knowledge any method for bal 
ancing the equations involved is quite useless. 


Equations for Reactions Which Are Essentially Non-Ionic 
A simple method for balancing this kind of equation is as follows: 


1. Determine the numerical change in the valence of the element 


2 Any such classification of reactions is, of course, entirely arbitrary but none the 
less useful. Border line cases can be covered by either method. For example the au- 
thors prefer to balance the equation for the reduction of H2SO, (98%) by metallic copper 
by the valence change method although the other method also gives the correct equa- 
tion. The striking effects of extreme dryness on chemical reactions have not been con- 
sidered in making this division. To those persons who consider the evidence of these 
results as sufficient to establish all reactions as essentially ionic, the above arbitrary 
classification will not appeal. 
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undergoing reduction (the oxidizing agent). Do the same for the ele- 
ment undergoing oxidation (the reducing agent). 

2. Make the numerical change of valence of each of these, the numerical 
coefficient of the other. 

Since the principle underlying this method is, of course, that every 
oxidation involves a loss of electrons (increase of positive charge) and 
every reduction a gain of electrons, in the final equations the two changes 
in the number of electrons must exactly counter-balance in order to 
preserve electrical neutrality. Take the reaction between molten KNO; 
and free carbon as an example: 

(skeleton equation) KNO; + C = KNO,; + CO; 

(equation for the oxidizing agent) 2 (N*® + 2e = Nt) 
(equation for the reducing agent) C°—4e = C?+# 

(valence change equation) + C® + 4e—4e = 2N*3 + Ct4 
(final molecular equation) 2KNO; + C = 2KNO, + CO, 

This method, which has been called the “valence change method,” 
is one of the oldest and the simplest possible.* It often gives the correct 
equation when applied to reactions taking place in solution. Notice, 
however, that in applying this method one must be able to select the 
particular atoms undergoing oxidation and reduction. ‘This is not always 
possible unless it is assumed that the valences of certain atoms in the 
compounds are determined by structural formulas of more or less hypo- 
thetical character. For example, what valences are to be assigned to 
the sulfur atoms involved in the following reaction? 


2Na2S2,03 + I, —> + 2Nal 


The influence of other factors which become important in aqueous solution, 
such as acidity and alkalinity, the presence of other ions, etc., is usualiy 
obscured when this method is applied. Such difficulties are avoided 
and a great deal more is learned about what happens in these reactions 
if the following method is used: 


Equations for Reactions Taking Place in Aqueous Solution 
The oxidation-reduction reactions taking place in aqueous solutions are 
frequently so complex that balancing the equations ‘‘by inspection’ or 
““‘by trial and error’ is impossible. Moreover, these reactions embrace 
3 An interesting form of this method is given by Schlesinger, ‘‘General Chemistry,” 
Longmans, 1926. 
4 Besides, as Dr. C. V. King has pointed out, it is quite possible that an equation 
balanced by such methods may be entirely erroneous; for example: 
2KMnQ, + H,O, + 4H2SO, —> 2KHSO, + 2MnSO, + 4H20 + 30, 
Although stoichiometrically possible the ratio of KMnQ, to H.O, is entirely wrong as 
shown by analytical experience. The correct equation, which is obtained by the 
method outlined in the third section of the present paper, is 
2KMnQ, + 5H20, + 4H.SO, —> 2KHSQ, + 2MnSO, + 8H20 + 502 


| 
| 
| | 
j 
| 
| 


1024 Journay or EpucaTIon Avucus*, 1927 


such a wide variety of substances that the method used for balancing 
should be sufficiently general to include the greatest possible number 
of cases as well as giving us the clearest insight into the factors 
involved. 

The basis for such a method is found in the fact that practically all 
these reactions can be carried out in such a way as to secure an electric 
current from them; they are called “‘cell reactions.” 

As an illustration consider the case 
where KI in solution is oxidized by 
chlorine water. The accompanying 
figure will illustrate how this may be 
done. 

On the right-hand side is a solution 
of chlorine in water; on the left, a 
solution of KI. The “‘salt bridge’ is 
filled with a solution of a neutral salt 
such as NaeSO, and serves the purpose 
of completing the electrical circuit and 
of allowing dissolved ions to migrate freely from one vessel to the 
other. After the apparatus has been set up a short time, a brown stream 
of dissolved iodine can be seen flowing down from the wire electrode, 
but not at the mouth of the ‘‘salt bridge.” Evidently the KI in solu- 
tion has undergone a change resulting in the formation of free iodine 
and yet the dissolved chlorine has not diffused nor migrated through 
the salt bridge into the left-hand beaker. Also, if there is at the start 
a high concentration of KI and a very low concentration of chlorine 
water and the operation is allowed to proceed until all the chlorine has 
disappeared, chloride ion (not hypochlorite) will be found remaining 
in the right-hand beaker. From these facts it is clear that the essential 
changes which have occurred are: 


Fic. 1 


In the right-hand beaker Cl ++ 2e —> 2CI- 
In the left-hand beaker I 


These changes may be summarized by adding the two equations in 
which case the electrons cancel out, hence: 


Ch, + 21-—> + 2Cl- 
That electrons have travelled from the left side of the apparatus to 
the right side is shown by the deflection of the galvanometer.® 


5 In the past, positive charges have sometimes been added or subtracted in bal- 
ancing such equations. Since in modern theory, the unit positive charge of electricity 
and the hydrogen atom when stripped of its electron are identical, such a practice could 
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This very simple oxidation-reduction equation could, of course, be 
balanced very quickly “‘by inspection.” Note, however, two points, 
(a) that only substances which have undergone a chemical change are 
included and (5) nothing at all has been said as to whether the Cl~ ions 
have combined with Nat or K* or H* to form the corresponding molecular 
compounds, any decision on this point being quite arbitrary. 

Before outlining the advantages and disadvantages of the method of 
balancing the same idea will be applied to a more complex case, e. g., 
the action of KMnQ, on a dissolved sulfite in an acid solution. If 
the KMnQ, solution and some dilute H2SO, are put in the right-hand beaker 
and, say, Na2SO; in the left, it is found, after completing all the connec- 
tions and allowing the reaction to proceed for a time, that on the right 
side Mnt* is present and that the concentration of H+ has decreased.® 
In the left-hand beaker SO,“ is found together with unoxidized SO;= 
and the H* concentration has increased. Again there are two separate 
processes, viz: pA 

(1) In the right-hand beakér: MnO,~ + 8H* + 5e —>» Mn++ + 4H,0 
where the H* ion has been supplied from H2SO;. On the left side the SO;> 


has changed to SO,~; the only substance present which can supply the 
oxygen necessary for this change is H,O, hence: 


(2) In the left-hand beaker: + H,O—2e —> SO,~ + 2H+ 


‘The number of electrons appearing in each of these two partial equations 
is determined by finding the total number of positive or negative charges 
appearing on each side of the arrow and then adding or subtracting the 
number of negative charges (electrons) necessary to make the total num- 
ber of charges on the right side of the arrow equal the number on the 
left.?/ Thus in (1) five electrons must be added to the left side to equalize 


logically be interpreted to mean that hydrogen nuclei are being added or subtracted from 
atoms! ‘The use of positive charges in balancing oxidation-reduction equations should 
be avoided; they should be reserved for use in indicating acid-base equilibria. 
(See Eucken, Jette, and La Mer, “Fundamentals of Physical Chemistry,’”” McGraw-Hill, 
1925, pp. 308-9, 395-7.) 

6 In this case, the decrease of H* concentration cannot be shown directly. Ther- 
modynamic considerations, however, demand that the electrode potential of this re- 
action depends upon the H+ concentration. For a presentation of this aspect see 
Furman in Taylor, ‘Treatise on Physical Chemistry,’’ Van Nostrand, p. 844. 

7If the student has any doubt about whether he has balanced a given partial 
equation correctly he frequently can check himself in the following way. The (assumed) 
valence of Mn is +7 (oxygen being assumed as—2) in MnO,~ and it becomes +2 in Mn++ 
ion. The (assumed) change in valence is 5 which should accord with the number of elec- 
trons involved in the reaction. This “check” will, of course, be applicable only in those 
‘cases where it would have been possible to secure the correct molecular equations by 
the valence change method, : 
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the number of charges on both sides of the arrow; similarly in (2) two 
electrons must be subtracted from the left side. 

If we wish to combine the two partial equations so that the electron 
changes cancel out, we must proceed exactly as in solving two simultaneous 
equations in algebra. After multiplying (1) by two and (2) by five we 
have: 

(3) 2MnO-, + 16H+ + + 5H,O —> 2Mn+* + 8H:O + 580.7 + 10H+ 


It is seen that H,O and H+ appear on both sides of the equation as 
would be expected since (1) and (2) have been performed in separate 
vessels. If the two are carried out in the same vessel it would be natural 
to suppose that some of the H* used in (1) would be supplied by (2) 
and the same for the H,O. Hence these substances can be cancelled 
algebraically, obtaining: 

(4) 2MnO~, + 6H*+ + 2Mn*+ + 3H,O + 


This equation represents all the substances which have been changed 
in any significant way. It is thus unnecessary to add Kt ions or addi- 
tional SO,;= because these have not been oxidized or reduced. It is, 
however, necessary to have sufficient H+ ions because otherwise the re- 
action would have proceeded in an entirely different way.® 

We will put down as a fundamental principle for the method that 
only those substances, the amounts of which are changed in a significant 
manner during the course of reaction, will be included in the equation. ‘That 
this includes the oxidized and reduced substances is obvious. 

We are now in a position to give a set of rules for balancing the oxi- 
dation-reduction equations for reactions taking place in solution. Each 
will be illustrated by another example; the interaction between KeCr.0;, 
Nal, and HeSO,. 

Rule 1. Ascertain the products of the reaction; without this knowledge 
any attempt at balancing the equation is utterly useless. 

In the example chosen the main products are Cr+++ ion and Iz. The 
consumption or production of H+ will be taken care of if the rules are 
correctly followed. 

Cr.0;= — > Crttt 
(orange-red) (green) 
2I- I,° 
(colorless) (brown) 


These are experimental facts which the student can actually observe 


for himself. 
Rule 2. Set up a partial equation for the oxidizing agent. To do this 
we must dispose of seven atoms of oxygen. In the KMnQ, case pre- 


8 Thus in neutral or alkaline solution, the MnQ,~ ion gives a‘precipitate of MnO2. 
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viously discussed, we found that H+ reacted with the MnO, to form 
HO as one of the products. This is invariably the case when the oxi- 
dizing ion contains more atoms of oxygen than its reduction product. 
Thus to balance this partial equation chemically, we write: 


Cr.0;- + 14H+—>2Crt+++ + 7H20 


It is also an experimental fact that the H+ ion concentration decreases 
in the course of this reaction. 
Rule 3. Set up a partial equation for the reducing agent in the same 
way. In the present case this is very simple: 
2I- ——> 


Rule 4. Balance each of the partial equations electrically. In the first 
equation we have 14 positive and two negative charges on the left, thus 
a net of 12 positives, while on the right we have 2 times 3 or 6 positives. 
In order to equalize the charges on the two sides we will add 6 electrons 
(7. e., six negative charges) on the left side. In the second equation we 
will subtract two electrons from the left side. We then have: 


First partial: + 14H* + 6€ —> 2Cr+++ + 7H20 
Second partial: 2I~- — 2e—> 


Rule 5. Multiply each partial equation by a factor so that when the 
two are added the electrons just compensate each other. In this case 
we need only multiply the second partial by 3, obtaining: 

—6e —> 31; 


Rule 6. Now add the two partials. The result is the final tonic equa- 
tion for the reaction, 
+ 14H* + —>2Crtt++ + 7H.0 + 


In some cases, such as in the KMnO,-NazSO; reaction, it will be possible 
to simplify the equation by cancelling out certain substances which appear 
on both sides of the equation. ‘This method of balancing which, for the 
want of.a better term, is called the ‘‘ion-electron method” has the follow- 
ing advantages: 


A.—In the partial equations as well as the final ionic equation we include 
only substances known to be present in the original mixture and those 
found after the reaction is completed. The final ionic equation contains 
only those substances which have actually been oxidized and reduced, 
and those whose amounts have changed in a significant manner. 

B.—The main influence of each substance on the course of the reaction 
is made clear, especially that of H+, the importance of which is obscured ~ 
when the equation is balanced by the usual methods. The numerical 
coefficient of the H+ in the equation and the actual concentration of 
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the H+ ion in the solution are extremely important factors in determining 
the oxidation-reduction potential of the reaction. 

C.—Oxidation-reduction is not assumed to be due to free (‘‘nascent’’) 
oxygen or hydrogen nor to such hypothetical ions as heptavalent man- 
ganese (Mn*’) or hexavalent chromium (Cr**) or pentavalent nitrogen 
(N+). The concentrations of these ions are so exceedingly minute as 
to be entirely negligible. On the other hand, we can secure high or low 
concentrations, as we choose, of MnO,4~, Cr20O7;- or NO3;~. ‘The method 
requires only that we know the number and sign of the charges on the 
complex asa whole. No hypothesis is necessary regarding the distribution 
of valence bonds among the individual atoms.°® 

D.—The method has a sound basis in the fact that the reactions can 
actually be performed in two vessels in the form of an electric cell accord- 
ing to the scheme indicated, a characteristic reaction taking place in each 
vessel and their combination resulting in a flow of electrons through a 
wire from the electrode immersed in the reducing agent. 

E.—We do not need to make any assumption as to the ‘‘true’’ mechanism 
of the oxidation-reduction reaction when carried out in a single vessel. 
It may indeed involve such intermediate ions as Mn*t? ion in a KMnO, 
solution, or an OCI~ ion in chlorine water. It may also involve hydrates 
of the various ions present and addition compounds of various sorts be- 
tween the interacting substances. ‘The method considers only the states 
of the initial and final substances as outlined in A and does not necessitate 
the construction of elaborate and, very often, highly improbable chains 


9 The sort of absurdity to which artificial methods of determining the valence of a 
particular atom in a group may easily lead, is well illustrated in the recent article by J. H. 
Simons (Tus JouRNAL, 3, 1305-12 (Nov., 1926)). In the method for balancing oxida- 
tion-reduction equations described, it is necessary to assume for the oxidation of CNS~ 
by MnO,~ either (a) that the valence of nitrogen in CNS~ is —11, changing to zero on 
oxidation, or (6) that the negative charge of the CNS~ on the left side of his equation is 
important while those of the SO,™ on the right are neglected. Such procedure strikes 
the present writers as making special cases of too many equations besides its funda- 
mental inaccuracy. ‘The ion-electron method yields the following partials and final 
ionic equations: 


5x(12H,0 + 2CNS~—22e = 2SQ.~ + Nz + 2CO, + 24H*) 
22x(8H* + MnOy~ + Mntt + 4H,0) 


10CNS~ + 56H* + 22MnO,~ = + 5N2 + 10CO; + 22Mn+*+ + 28H:O 


in agreement with Simons’ equation. Simons used H* to balance the equations for re- 
actions taking place in acid solutions and OH~ for those in alkaline solutions, an idea 
which may have a certain appeal. It is to be noted, however, that, to students who 
have learned the equilibrium H+ + OH- = H.O, the statement ‘‘the H* concentration 
is increasing” is synonymous with ‘the OH~ concentration is decreasing’ and vice 
versa. 
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of intermediate reactions. It applies equally well—while most other 
methods do not—to ‘‘trick compounds” like Hz,O2 and NazS.O3 since it 
does not require the student to juggle for possible (hypothetical) valences 
which O or S may or may not have in these compounds. ‘The partial 
equations for these two are given later. 
F.—The method is instructive and is sufficiently general to be used on 
all inorganic oxidation-reduction reactions taking place in aqueous solu- 
tions. 
G.—If it is considered necessary to give the final equation in the molecular 
form this can easily be obtained. ‘Thus in the above equation we must 
supply 2MnO,~ and 5SO;= by means of compounds containing them. 
The particular positive radicals which may be associated with them in 
the solid state are of minor importance. As the source of MnO,~ we may 
choose, for example, KMnO, and for SO;-, NagSO;. ‘Therefore, in the 
presence of H2SO, we get: 

2KMnO, + 5 Na2SO; + 6H*+ —> 2KHSO, + 10NaHSO, + 2MnSO, + 3H20 


The 6H+ must obviously come from the H:SO, also. Since we have 
a total of 14 (SO,) radicals on the right and the left side gives only 5 
(SO,) from the (SO3) we must add 9H2SO, and the number of H radicals 
balances automatically. ‘The final equation is: 

2KMnQ, + 5Na.SO;3 + 9H2SO, —> 2KHSO, + 10NaHSO, + 2MnSO, + 3H20 


This illustration clearly demonstrates how hopeless it would be to 
attempt to balance such an equation by a ‘‘cut and try” method. 

For very slightly ionized substances the principle of using substances, 
the amounts of which change significantly, is again a useful one. For 
example, an equation, which can be balanced only with difficulty by 
the valence change method but very easily by the ion-electron method, 
is involved in the oxidation of sulfurous acid by H2O2. In this case the 
partial equations are: : 

HSO;~ + H:O—2e —> + 3H+ 
+ 2H+ + 2e —> 2H.0 


HSO;~ + H.0 + + 2H+—> + + 2H20 


which becomes, if the reaction is performed in one vessel instead of as 
a cell reaction, 
HSO;~ + H:0,; —> + H+ + H:0 


The actual mechanism of the reaction may and in all probability does 
involve O.2- and SO;= but their concentrations in the original solution 
were very minute. ‘This equation shows that the H+ concentration is 
increasing as the reaction proceeds, which is in accord with experiment. 
Whether the initial substance should be represented as HSO;~ or H2SO3 
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brings up a pertinent point. The first ionization constant of H2SO; is 
approximately the same as the second ionization constant for H2SO,'° 
but the ionization of HSO;~ is small (constant = 5 X 10~® at 25°). A 
certain degree of arbitrariness is necessary and permissible for substances 
(e. g., HNO2) with ionization constants in an intermediate range, say of 
the order 10~-*. This case really introduces nothing new, for our first 
experience with weak electrolytes was encountered in the first illustrations 
where water was represented in the unionized form (HO) instead of 
as H*+ + or 2H* + 

Applications of this method and certain of its pedagogical features 
will be discussed in a subsequent article. 


10 Landolt-Bérnstein Tabellen, 1923, p. 1121, gives for H2SO; 1.7 X 1072 at 25°; 
for H2SO,-, 3 X 107? at 25 


“Hard Boiled” Bacteria Survive Long Boiling. Disease-causing bacteria have 
many devices to perpetuate their kind in an adverse world. Bacteriologists of the 
Hooper Foundation for Medical Research, University of-California, have shown that 
tetanus spores may resist the temperature of boiling water for ninety minutes, botulinus 
in vegetable juices for five and one-half hours and those of a closely related but harm- 
less species for eight and one-half hours. Other workers have proved that typhoid 
and other organisms may remain alive for years at refrigerator or lower temperatures. 

This happy provision of nature—happy, that is, for the bacteria—constitutes a 
factor of great danger for man and animals which it is the function of scientific research 
to obviate, says Dr. George E. Coleman of the Hooper Foundation. ‘‘The brilliant 
success,” he states, ‘‘that has been attained already, in which the experimental use of 
mice and guinea pigs has played a large part, is constantly being proclaimed by statisti- 
cal evidence of fewer food poisonings and typhoid fever outbreaks as well as by increased 
protection from many of our other microscopic foes.’’—Science Service 

Wood Preservatives Injected with Hypodermic Apparatus. Preservatives against 
decay are injected into wooden poles with an apparatus like a hypodermic needle on a 
huge scale, by a recently patented German process. Rows of holes are made all around 
the pole in the zone exposed to rotting, and appropriate chemicals in paste form forced 
into them through hollow tubes. The preservatives then spread along the grain of the 
wood, the area around each injection overlapping that around its neighbors and forming 
a complete protective sheath. 

The inventor claims several advantages for his process. In as much as the apparatus 
is compact and easily portable, poles can be treated where they are to be set, instead of 
having to be assembled at permanently located treating tanks and then shipped out 
again. One or two men can do all the work, instead of the larger gangs now needed. 
Untreated posts already erected can be treated without pulling them up and resetting 
them. 

A saving in material is also claimed. The creosoting proeesses now used treat 
either the whole pole, or at least the whole underground part of it, to the same depth. 
This is said to be unnecessary, because the maximum decay takes place at the ground 
level and for a couple of feet below it, the butt of the pole being usually little more 
rotted than the top. By the new process, it is possible to give the rapidly decaying 
zone a heavy dose of the preservative, and then give the rest of the pole a lighter treat- 
ment.—Science Service 
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TEACHING DEFINITIONS IN CHEMISTRY 
W. G. Bowers, CoLoRADO STATE TEACHERS’ COLLEGE, GREELEY, COLORADO 


In the introduction of every subject which presents new terms, certain 
definitions have to be made. ‘The study of chemistry probably presents 
more new terms than any other study in the modern curriculum. Of 
the lists of technical terms of the public-school subjects, developed by 
Luella Cole Pressey,’ of Ohio State University the list for chemistry con- 
tained 617 new terms not used in any other subject. The list for physics, 
the next in order of number, contained 391 new terms. On account of 
this condition some chemistry teachers are inclined to try to reduce the 
study of chemistry to a simpler form and an easier process by simplifying 
the language. Others would try to accomplish the same end by stressing 
laboratory work and bringing the student in contact with the mysterious 
things and their actions toward each other. Still others would contend 
that the only way to reduce the study of chemistry to a simple basis 
is to avoid the consideration of the mysterious underlying principles and 
give time only to the everyday practical things. 

All of these are partly in the right but mostly in the wrong. Powers’ * 
contention that the common texts in chemistry contain too many un- 
common terms, seems to be refuted by Curtis* in his investigation as 
to the use of scientific terms in newspaper articles. Curtis concludes 
that an extensive training in science is necessary as a foundation for 
the intelligent reading of the newspapers. We agree with Powers in his 
statement that a difficult and unfamiliar term should never be used any- 
where if a simple and familiar one would express the same meaning. The 
great trouble, however, in every subject, is that special things need to be 
expressed in special terms. 

We agree with Charles H. Stone* when he condemns the long sentences 
or questions full of difficult scientific terms for beginners. Yet there is 
not a term in the long and wordy examples which he holds up for condem- 
nation, whose meaning the student should not know at the end of six months 
of study. Even at the end of a year’s work we would not recommend 
such wordings of questions. The student should know all of these terms 
nevertheless. To this the author agrees later in his article. Stone 
also says the student will not turn aside to look up definitions. .We 
think Stone is correct in his statement. Yet he says in no less than five 
different places in his article that the student must have these definitions. 
This is the reason why we say the student should apply especially adapted 
methods of working out definitions and getting acquainted with certain 
terms before he undertakes to study the things they represent. Of course, 
as Stone says, we must help, We must see to it that the student gets a clear, 
adequate, and understandable idea of the definition which he needs to use, 
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Laboratory work has its value and must have its proper proportion of 
time, but to try to create an imagination of molecular weight, equilibrium, 
or ionization, by simple laboratory exercises in which simpler terms 
could be used would be futile. The everyday practical things must be 
considered in connection with the theoretical in order to hold interest, 
but the uncommon things must be dealt with in language as uncommon 
as the things themselves. Even many common terms have to have 
very choice interpretations in order to make them apply to chemistry. 

We agree with Powers® again when he offers proof that the chemistry 
text has thirty per cent too many uncommon terms. Yet, according to 
his own figures, there would be left over one thousand uncommon terms 
to be mastered by the high-school chemistry student. 

E. J. Crane,® as chairman of the A. S. C. committee on nomenclature 
etc., has given much attention to the meaning of terms. In one of his 
articles he puts great stress on the correct choice of terms. He says it 
is not good practice to use the word body when one means compound, 
and he gives other examples of the kind. We have found that if a good 
deal of time is not spent on definitions in the beginning of the study of 
chemistry, students use the terms body, substance, compound, material, 
and even thing and stuff, all as if they were synonyms. It has been found 
just as essential that the student get the correct definitions for material, 
body, substance, ingredient, and component, as for the terms element 
and compound. 

On account of the fact that the study of chemistry involves a vast 
number of mysterious causes and peculiar effects, it calls for the definition 
of many terms that are enveloped in a hazy surrounding. We should 
say rather that the thing expressed by the term appears in a hazy surround- 
ing, for after all it is not the term, however complex it may be, that pre- 
sents the difficulty, but it is the thing expressed thereby. For example, 
dimethyl-amino-azo-benzene-sodium-sulfonate expresses in simplest pos- 
sible terms the thing it is supposed to express. ‘To the chemist who has 
exercised his imagination sufficiently to see the structure of Orange III, 
this term is self-defining. It is just as childish as, house-with-a-steeple- 
on-top-pews-inside-having-a-pulpit-in-front. In both cases all that the 
student has to have is a clear idea of six or seven smaller terms. He has to 
have the same in order to get a clear-cut definition of Orange III, or church. 

The reason the word church can be used to represent the latter case 
with much more propriety is two-fold. First, the student has years to 
become acquainted with the parts of the whole and the thing as a whole. 
In chemistry we want them to get it all in afew months. In the second 
place, the student can see the real thing intact in the case of the church. * In 
the case of the Orange III, he has to develop and cultivate an imagination 
sufficient to visualize a structure which will fulfill all conditions laid down, 
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to differentiate this one thing from many others of very similar kind. 
This illustration will serve to show why definitions are very important 
in the study of chemistry, for one of the chief characteristics of chemistry 
is the close relationship of classes of things and processes involving them. 

Definitions in chemistry have a special significance and must be dealt 
with in a particular way. Special and particular in this connection apply 
not only to the special science of chemistry but to the limited meaning of 
definition. It is necessary to think of chemistry as different from most 
other sciences for the reason that the foundations upon which it is built 
are, for the most part, imaginary structures. For this reason it might seem 
that definitions could be general. But if they are general in case of leading 
the imagination, they are more likely to be misleading than they would 
be in the case of calling for investigations by the physical senses. 

Definitions that are given in terms of both general and special classes 
are not always the best for the purpose. In the first place classifications 
are mainly for description, such as have their outstanding uses in the study 
of zodlogy, metallurgy, etc. But to define osmotic pressure by merely 
telling the class and subclasses to which it belongs would not serve the pur- 
pose by any means. In the second place it would be taking too much for 
granted as to the beginner’s knowledge of classes and subclasses in things 
pertaining to chemistry. In the third place, some of the most significant 
terms in chemistry cannot be classified. It may be true that they belong 
to a small group of closely related terms which should be considered one 
after another until they are all understood, like atomic weight, molecular 
weight, equivalent weight, etc. But all of the subclasses that could be 
attributed to the series would not even suggest an idea as to what each 
term means. 

In the latter part of the nineteenth century, the chemistry teacher 
thought he was not doing the subject of chemistry justice if he did not 
shape all definitions into what he called a workable form. He called them 
working definitions, and demanded that all definitions be working def- 
initions. A class of substances had to be defined in terms of how it 
was brought about rather than in terms of what it was after being brought 
about. For example, salt is a substance formed by the neutralization of 
an acid with a base. This might not be so bad for a normal salt, but 
nowadays too many substances are formed in too many different ways 
to allow of such definitions. The working definition in defining a process 
or an operation demanded that the operation be defined in terms of what was 
done by the operation rather than what the operation in itself was. Now- 
adays that same operation will do so many different things that it would 
be impossible to define it in terms of what it will do. 

If those teachers had gone back into Roman times for their meaning 
of definition, they would have gotten a better one. It seems as though 
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the first meaning of definition was applied to the description of certain 
territory by means of following its boundary lines. It meant going to 
the end of, or to the limit of. It also meant not overlapping on other 
territory. It would seem as though the elementary principles of chemistry, 
the fundamental processes, and the simplest classes of substances could 
be compared to the first surveys of territory. While it might not re- 
view a knowledge of the practical it would seem more in harmony with 
scientific thought to define a thing in terms of what it is as a separate 
thing, beginning at a convenient starting place and ending before over- 
lapping on other territory and thus leaving a hazy idea as to the difference 
between the thing defined and the thing to which it is closely related. 

After such an outline of specifications as to what definitions ought not 
to be it might be expected that a list be given as to what they ought to 
be. A list could be made which would be as large as, or even larger than 
the other. Making very definite specifications in this direction, however, 
calls for great care else authors of textbooks and teachers may interfere 
with each other or more especially they may interfere with the development 
of scientific thinking on the part of the students. It may be noticed in 
a survey of modern textbooks that the most popular ones never definitely 
give a definition. ‘This was not the case a half century ago. Even 
twenty-five years ago some of the most popular texts gave definitions 
in italics, so that they would stand out so that both teacher and student 
would have one thing that they would not have to guess about. 

Out of ten of the leading textbooks in chemistry, used in 1906, four 
gave definitions in italics or gave definite statement of definitions in ordi- 
nary print after such statements as: therefore, an acid is defined as such 
and such. Five of them did either the above or something else which 
made the student as well as the teacher sure as to the author’s own words 
for the definition. Five books gave discussions, in most cases leaving 
the students to think out the definitions. Out of the ten leading texts 
in 1916 three gave definitions in italics or used some other device for 
setting the definition apart from the organized discussions. Four adopted 
a subtle way of saying, ‘‘In this topic somewhere is the definition, student 
will please find the same.”” Six gave the discussions without giving fixed 
definitions. In 1926 no new and popular text does anything but leave 
the student to think out the definition. 

In 1906, as students, we liked the italicized definitions. We did not 
like to be compelled to think. As young teachers we liked them also. 
We could hold the students to something definite, for which we could 
give them a definite grade, or we could flunk the proper proportion and 
have a legitimate defense for ourselves. It would be unfair, of course, 
to suspect that textbook authorities quit giving worded definitions to 
avoid the responsibility. ‘They should be given great credit for gradually 
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seeing for themselves and convincing teachers that students are doing 
the better thing for themselves when they are thinking through discussions 
and thinking out definitions for themselves rather than committing to 
memory the works of the author. It would seem that even now some 
young high-school teachers fail to understand why the authors are indefi- 
nite, and so before their students get lost in dark places, they supply 
the definitions. ‘The consequence is that the college often gets students 
who do not have the scientific attitude in nucleus. 

After seeing that the author’s part is to open the discussions and that 
the student’s part is to think out the definitions,.the next question is, 
‘“‘what is the teacher’s part?’ ‘The answer is the same as in all kinds of 
teaching. The teacher’s part is to inspire the student to thinking, to 
guide him in his thinking, and help bring his thinking to logical ends. 

Some definite things that the teacher can do are: to explain to the 
student how it is better for him to study the topic and frame his own defi- 
nitions; to show the student why certain things are essential in defi- 
nitions and why certain things are not; to illustrate to the student how 
to analyze a discussion and form an image in his mind of a thing to be 
defined; to assure the student that the primary thing is not to be able 
to express something whether he understands it or not, but to be able 
to frame a mental picture which will give him an understanding of the 
thing regardless of his ability to express it. 

The teacher has to remember all through the course that to develop 
in a student an ability to think out something for himself and an ability 
to express the same are two rather different abilities. The chemistry 
teacher is primarily responsible for the former but he dares not neglect 
the latter. It is often found to be the case that the student thinks he 
understands a thing until he undertakes to express it, when he finds phases 
in which his understanding has been deficient. It is also a significant 
fact that a teacher can no more teach a student how to make definitions 
by giving one lecture than a master can teach an apprentice how to build 
a house by giving one lesson. ‘The teacher has to prepare for a long 
battle. He has to prepare to exercise patience in giving words of en- 
couragement to students whowill come to him for the first weeks and months 
with the story of how they study and study and cannot see a thing. 
He has to prepare to correct the same error in them scores of times. 

When the student once begins to frame definitions for himself the 
first thing that the teacher can do is to watch for faults not in the expres- 
sions but in the student’s understanding of the thing. For this reason 
technicalities in language should be overlooked until they can be shown 
to be responsible for misunderstandings or misunderstandings are re- 
sponsible for them. The first faults that will be found in students will 
be defining in circles. For example: they will tell you that a mixture 
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is two or more substances mixed. As far as they are concerned that is 
a clear-cut definition. Then they think they understand. One way the 
teacher has of showing them that they do not understand is to call their 
attention to the language and explain how a definition is not a definition 
if it is expressed in its own terms. In this case then the student must 
find out what it means to be mixed rather than combined. ‘The teacher 
can help him draw a line and do it in such a way as not to trespass on 
other territory. 

The second greatest fault that students have is defining in terms of 
general properties. ‘They generally know better than to define in prop- 
erties that are too general. ‘They know better than to define an acid as 
a substance which has a sour taste. But they do define an acid as a 
substance which turns blue litmus red. ‘This comes so close to being a 
full-fledged definition that it is difficult to correct. But it needs to be 
corrected on account of acid salts having the same property. 

A third fault is in defining in terms of adverbs. This ruins the English 
language but in many cases it is not so bad for a definition. For example, 
an oil well is where oil is taken from the ground, or hydrolysis is when 
a substance is decomposed with water. In such cases the teacher has 
to say that the idea is all right but the expression of it is not quite up 
to standard. 

When the student gets a little farther along in making definitions, if 
he is not persistently drilled he begins to make the errors to which we called 
attention in the former part of this discussion, those that the teacher him- 
self has to be warned against, like naming the general class and following 
with the names of the subclasses, etc. This error is not committed so much 
if the student can be held to the idea that he must exercise his imagination 
until he can get a complete idea of the thing to be defined and an idea 
that will enable him to distinguish that thing from others of its kind. 
Then it helps him in getting better ideas if he practices the expression 
of what he has. 

In fact the solution of the whole problem is in the development of 
the imagination so that mental pictures truly representing the things 
considered can be formed. 
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ACTIVITIES OF CHEMISTRY CLUBS 


CLARENCE M. Pruitt, TEACHERS’ COLLEGE, CoLUMBIA UNIVERSITY, NEw York City 


This paper attempts to present some practical suggestions that may 
be helpful in the conduct of chemistry club work. It is not a theoretical 
discussion of the value of clubs as a factor in the educational procedure 
of secondary schools. Splendid treatises of the theoretical value and 
importance of clubs, the reasons for their success or failure, may be found 
in the articles and books on extra-curricular activities. Many of these 
are available. There is a growing tendency to make such activities 
intra-curricular rather than extra-curricular. Where this has been 
accomplished, club activities have become an integral part of the regular 
class work and the club meetings are conducted as a modification of the 
socialized recitation. The Lincoln School of Teachers’ College, and the 
high schools of Pittsburgh, conduct their club work according to this 
plan. 

There are few science teachers today who do not recognize the educa- 
tional value of clubs. However, when they are appointed sponsors 
they are at a loss to know just what to do to make the club work a little 
better than it has been—to make it function as a real live-wire 
organization. 

In the formation of a chemistry club the initiative should come from 
the students themselves, although indirectly inspired by the science 
teacher. At the first meeting of the club a temporary organization 
should be effected and a constitution drawn up to be voted on at the 
next meeting. The constitution should be simple and both written and 
adopted by the pupils. 

The first article of the constitution should state the aims or purposes 
of the club. The following are offered as suggestions: 


(1) To encourage the acquisition of general scientific knowledge. 

(2) ‘To stimulate keener interest in the work of the regular science 
class-room. 

(3) To create an enthusiasm for science among students and by 
students. 

(4) ‘To develop an appreciation of the importance of science in the 
everyday life of every citizen. 

(5) ‘To help the students to do better the things they will do anyway. 

(6) ‘To develop initiative, self-reliance, and leadership in the scientific 

. field. 

(7) ‘To increase the student’s knowledge of science and enable him to 

experiment and construct. 
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In the second article of the constitution should be stated the name. 
Such names as ‘““The Alchemist,” ‘“The Tech.,’’ ‘‘Electron,’”’ and ‘“‘Edison’’ 
are suggestive as club names. 

The constitution should mention definitely the qualifications for mem- 
bership, the time and place of meetings, the’ election of officers, the dues 
of members, and plans for programs. In a chemistry club the member- 
ship is necessarily limited to chemistry students. Other qualifications 
must be decided locally. 

The sponsor of the club must necessarily be a science teacher and 
appointed by the principal of the school. ‘The sponsor must stay in the 
background as much as possible, yet be in a favorable position to guide, 
stimulate, control, and develop, and at the same time throw responsibility 
on the pupil. The pupils must be made to feel that the club is their 
club and that they determine its success or failure. A few of the various 
activities that the club may carry on will be briefly discussed. 


Suggestive Club Programs and Activities 


(1) Biographies—Curie, Pasteur, Priestley, Hall, Lavoisier, Edison, 
etc. 
(2) Debates 
(3) Playlets—plays to be written by members, and including such 
details as costuming, dramatizing, etc. 
(4) Question-box 
(5) Crossword puzzles in chemistry 
(6) Chemistry spell-downs 
(7) Chemistry—one-word answer-downs 
(8) Fortune day (sympathetic ink) 
(9) Publishing chemistry paper 
(10) Making chemistry posters (Education Week) 
(11) Club interrelations work 
(12) Address by visitors 
(13) Sixty seconds extemperaneous talks 
(14) Demonstrations by club members 
(15) ‘Talks by members of the club— 


(a) The smallest thing in the world 
(b) If plants could talk 

(c) What shall we eat? 

(d) How science protects our lives 
(e) ‘Transmutation of elements 


(16) Apparatus-making for gifts to be left for next class (electric 
furnace, bulletin board, incubator) 
(17) Presentations of hobby work—radio, etc. 
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(18) Blue-printing 

(19) Crystallization 

(20) Photography 

(21) Mirrors 

(22) Chart-gathering 

(23) Discussions of excursions 

(24) Writing American Chemical Society essays 

(25) Social for club—banquet, picnic, party 

(26) Science scrapbook 

(27) Members assist in laboratory work, run motion picture machines, 
assist as stage architects, etc. 


Excursions 
Excursions have a definite value: 


(1) Satisfy desire to understand environment 

(2) Enable pupils to have experience in planning and carrying out 
real activities and learning how to work together 

(3) Give experience and real opportunity to evaluate, organize, and 
express thought 

(4) Supplement work of the class by enabling pupils to perform desir- 
able activities better, and with more satisfaction than they could 
have been performed alone. 


The sponsor should stimulate activity in working out the plans for the 
excursion, but he should not rob pupils of the educational opportunity 
by doing the work for them. He should check up the results of the ex- 
cursion, but must not destroy the spontaneous fun that is a real part of 
the trip. The success or failure of an excursion is very closely related 
to the plans made for the excursion. Excursions made in a haphazard 
manner or poorly planned are worse than failures. They may be positively 
detrimental. The sponsor or one in charge of the trip should have a 
definite purpose and definite things to be observed by the club. Do 
not attempt to observe too much. 


An Excursion 


I. Plans for the trip 
(1) Decided to go and discussed what we wanted to see 
(2) Miss X found out when a guide was available 
(3) Committee of three reported favorable transportation arrange- 
ments, 


The trip 
(1) Observations were made 
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(2) Sponsor asked guide questions while they were being shown 


through plant so that children would understand 


(3) Pupils taken back to school building. 


III. Further use of trip 


(1) Record of trip in minutes of club 
(2) Three minutes were allowed each member of club to express 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 


(1) 


(2) 
(3) 
(4) 


(5) 


himself concerning trip. 
Suggested Excursions 


City filtration plant 
Glass factory 

Oil refinery 

Ice plant 

Lime products plant 
Gas plant 

Chemical supply house 
Dairy 

Museums 

Ford exhibition 

Silk show 

Chemical show 


Assembly Program Suggestions 
Playlets: 
(a) ‘The New Assistant,” T'H1s JOURNAL, 2, 600-4, (July, 1925) 
(b) General Science Quarterly, March, 1921; Nov., 1923; Jan.; 
1924; Jan., 1925; March, 1926 , 
(c) Science Class-Room, 5, No. 8, 1926 
(d) ‘The Plant Wizard,’ University Apparatus Co., Berkeley, 
California 
(e) “Interference,” TH1s JOURNAL, 4, 905-7 (July, 1927). 


Debates 

Regular Club Program 

Talks by Scientists 
(a) Oil companies send lecturers 
(b) Doctors—(Food Chemistry and Anesthetics) 
(c) American Chemical Society Representatives 
(d) Chemist of City Departments 
(e) Chemist of Industrial Plant 


Club Demonstration Program 
(a) Liquid air 
(b) Magic 
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(6) 
(7) 
(8) 


(1) 


(2) 
(3) 
(4) 
(4) 
(6) 


(7) 
(8) 
(9) 
(10) 
(11) 
(12) 


(1) 


(2) 
(3) 
(4) 


(c) Interrelation of Chemistry and Domestic Science (with 
‘Domestic Science girls) 

(d) Explosives 

(e) Pantomimes 


Fire Prevention Day Program 
Agriculture Day Program 
Movies 


A list of movies may be obtained free of charge from the follow- 
ing places: 


(1) State University Extension Division 

(2) General Electric Company 

(3) Westinghouse Electric & Mfg. Co., East Pittsburgh, Pa. 
(4) National Board of Y. M. C. A., Chicago 

(5) American Rolling Mill Co., Middietown, Ohio 

(6) American Steel and Wire Mill, Chicago 

(7) Ford Motion Picture Laboratories, Detroit 

(8) U.S. Bureau of Mines (45 free) 

(9) U.S. Department of Agriculture. 


Fire-Prevention Day Program 


Illustrated talk on Fire Prevention 
(a) Films supplied by United States Bureau of Mines, or 
(b) National Board of Underwriters, New York 

Short history of fire—(3 minutes) 

Carelessness causes fire 

History of matches 

Spontaneous combustion (experiment) 

Shipping regulations for prevention of fire (experiment—show 

kindling temperature of several substances) 

Comparison of building materials—safety 

Clothing materials (fireproofing clothing materials) 

Asbestos curtain 

Metal—bismuth alloy fire-plugs 

Demonstrate fire extinguishers (home-made and commercial) 

Cleaning clothing. 

“Magic” 

Wine trick—phenolphthalein solution, oxalic acid, and washing 
soda—two flasks 
Water boils in paper bag 
Pulse glass 
Trick bottle. (File hole in bottom of bottle; fill with colored 
water; allow some to escape. Stopper) 
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(5) Wine-to-Water trick. (Three flasks at different levels. Upper 
flask NaOH with phenolphthalein, middle flask acid, and lower 
flask NaOH. Siphon.) 


Materials for science magic programs may be obtained from: 


(1) “Chemical Magic’’—A. C. Gilbert, New Haven, Conn. 

(2) “Chemcraft Manual’’—Porter Chemical Co., Hagerstown, Md. 

(3) The Science Class-room, Oct., 1922; Dec., 1922, Jan.-June, 1924; 
March, 1926. 


: Chemical Posters may be used to great advantage at various times. 
{ Some suggestive titles are:! 


(1) ‘‘Clothed by Chemistry”’ 
(2) “Extinguish Your Camp Fire’’ 
i (3) Carbon Dioxide Raises Bread 
(4) Soap-making 
(5) ‘Perfumes sweet 
Colors gay 
Come from coal tar 
| Every day.”’ 


Chemical Exhibit 


This is one of the most important projects that a chemistry club can 
undertake. It may be used as the ‘‘open-house”’ night for chemistry. 
Usually other departments of the high school will have an exhibit at the 
same time. Its advantages are: 


(1) It is very probable that the number of people who will view the 
exhibit will far outnumber those who visit the regular class work 
during the year 

(2) It is interesting and educational to both pupil and teacher. 

(3) It gives a number of boys and girls who ordinarily do not take 
part in public affairs or athletics an opportunity to show their 


ability 

| (4) It impresses the public with the practical value of chemistry 
; (5) ‘The pupils take pride and pleasure in doing and explaining these 

i things and a new and practical interest in chemistry is aroused 

. (6) Parents and teachers meet under most favorable conditions. 


1 “Chemical Posters,’’ Adeline H. Jacobs, Tuts JOURNAL, 2, 792-4 (Sept., 1925). 
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A METHOD OF HANDLING LABORATORY REPORTS 
IN CHEMISTRY 


CLARENCE W. KREGER, MIAMI UNIVERSITY, OXFORD, OHIO 


Several serious disadvantages arise to both the student and instructor 
in the usual methods of handling laboratory reports in chemistry. These 
methods consist in having the students answer the questions which are 
interspersed throughout the experimental directions or which appear 
at the end of the experimental directions in most laboratory manuals; 
or in having the students write a brief summary of the experiment in 
addition to answering the questions. ‘The objections to these methods 
are as follows: 


(1) Students pay little attention to actual experimental manipulation 
and look up the answers to the questions in their textbooks. 
While reference to textbooks is desirable, it too frequently results 
in the direct copying of the answer. If watched closely enough, 
the average student will perform the experiment. He will do it 
in “cookbook fashion,’’ however, look up the answers to the 
questions, copy these in his laboratory notebook and in most cases 
that is the end as far as he is concerned. 

(2) If the textbook is not permitted in the laboratory and the same 
laboratory manual is used over a period of years, students soon 
begin to inherit the correct answers to the questions from the 
better students of previous years. 

(3) The average student knows little or nothing about an experiment 
when carried out under the above system. He follows so many 
word directions in his laboratory manual without applying much 
thought as to the connection which this experiment may have 
with something that he has studied in his text or heard in the 
class-room lecture. ‘Too often there is complete dissociation of 
laboratory experiments and class-room theory. These objections 
do not apply so directly to experiments which are quantitative in 
nature, but the majority of experiments in general chemistry and 
organic chemistry are not of this nature. 

(4) The instructor gets a very unsatisfactory estimate of a student’s 
ability from his notebook grade. In the first place there is little 
uniformity in the notebooks of a class; and in the second place the 
instructor does not know whether the student really thought out 
the answers from experimental results or copied them from his 
textbook. 


The method which the author wishes to set forth as one which removes 
the above objections in laboratory reports has been in use in most of the 
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laboratory sections at Miami University for several years. It is briefly 
as follows: 

If possible, students are given laboratory directions without interspersed 
questions or questions at the end of the experimental directions. For 
beginners the more important points should be indicated with question 
marks, but even these should be omitted after several months. ‘The 
entire laboratory report consists of the answers to a series of questions 
which the instructor places on the board after the experiment has been 
finished by the entire class. ‘The students have never seen these questions 
and are required to answer them without the aid of laboratory manual, 
textbook, or notes. Exception is made where quantitative data are called 
for. ‘These must be obtained from notes. ‘The exceptional students are 
permitted to work ahead and then answer the questions when the entire 
class has finished a given assignment. 

The advantages in this method are as follows: 


(1) Laboratory reports are uniform and can be graded on a uniform 
basis. 

(2) Students soon learn that the “‘cookbook method”’ is disastrous 
to their grades and begin to apply themselves to the work at hand. 

(3) ‘The questions can be chosen so as to bring about the closest associa- 
tion between laboratory experiment and class-room theory. 

(4) Students may consult their textbooks, but in so doing must get 
the information into their heads if they are to use it in answering 
the questions on the experiment. 

(5) Questions can be varied from year to year, thus Niland the 
inheritance of correct answers. 

(6) The answers to the questions are really products of the student’s 
mind and as such can be used to estimate the student’s ability. 

(7) ‘The student soon begins to think of an experiment as a unit which 
illustrates some important theory, and which conveys some definite 
technical acquirement instead of being just so many word direc- 
tions. He must do this if he is to answer well-chosen questions 
with intelligence. 

(8) A student soon learns to do his own work and make his own ob- 
servations, and the real purpose of experimental work i in chemistry 
is realized to a much greater extent. 


Much of the success of the above procedure depends upon the type 
of questions chosen by the instructor. Its advantages over the old method 
are so evident that it is probably in use in other laboratories, although 
the author does not know of them. ‘This method for the handling of 
laboratory reports in chemistry is passed on for what it is worth to any- 


one caring to try it. 
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THE NEW FLORIDA CHEMISTRY-PHARMACY BUILDING 


WALTER H. BEISLER, DEPARTMENT OF CHEMISTRY, UNIVERSITY OF FLorIpA, GAINES- 
VILLE, 


The department of chemistry at the University of Florida has grown 
by leaps and bounds during the past five years. In 1920-21 there were 
about 250 students enrolled. The faculty consisted of one professor, 
one assistant professor, and two assistants. In 1925-26 the enrolment 
in this department had increased to about 700 students, and the faculty 
consisted of four professors, two assistant professors, a full time curator, 
four fellows, and fourteen assistants. 

The present home of the department of chemistry is the first floor of 
Science Hall, which is a building 135 feet long and 66 feet wide. Two 
small rooms in the basement are being used as acid storage room and labo- 
ratory, respectively. The bulk of the laboratory work in general chem- 
istry is being done in a re-conditioned, one-story building having a capacity 
of 60 students. . 

The College of Pharmacy occupies portions of the basements of Science 
Hall and Peabody Hall. Its enrolment during the three years of its 
existence has averaged fifty students. 

Only two lecture rooms are available for the exclusive use of classes in 
chemistry and pharmacy. ‘The larger lecture room has a seating capacity 
of only seventy students. 

‘These few facts and figures will serve to indicate how totally inadequate 
the present facilities are, and that a building of generous proportions must 
be provided to take care of our present and future needs. A careful survey 
of the situation has demonstrated that such a building will cost about 
one million dollars. 

The State Legislature, during its 1925 session, appropriated the sum of 
$220,000 for the erection of the first unit of a new building for chemistry 
and pharmacy. ‘The heavy lines in the cuts of the floor plans show what 
will be built and partly furnished for that amount, with the following 
exceptions: only the floor of the main lecture hall (see second floor plan) 
will be constructed, and about 35 feet will be omitted from the north- 
west end of the building. ‘This construction, which is now under way, will 
occupy 510,000 cubic feet of space. A fairly close estimate of the total 
cost of this unit, including furniture, is fifty cents per cubic foot. 


Features of Construction 


The building is heing constructed of-brick and reinforced concrete with 
a red tile roof in conformity with the general architectural scheme on the 
campus. ‘The size of the unit is 204’ 6” by 145’ 11”, 
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Ample daylight is being provided for by means of the hollow square 
shape of the building, and by the large number of windows. 

The north end of the building will consist of three stories and an attic, 
while the two wings, south end and center will be only two stories high. 
A basement was considered undesirable because of the difficulty in this 
locality of keeping a basement dry. ‘The first two floors of the building 
will be occupied by the department of chemistry. The College of Phar- 
macy will occupy the third floor. 

As far as possible, laboratories have been placed above laboratories, 
and class-rooms above class-rooms. ‘This system is economical from the 
standpoint of cost of installing plumbing, and there is practically no danger 
of a class-room being damaged by a leak overhead. 

To add to the attractiveness of the building, the old, alchemistic sym- 
bols, and the names of famous chemists and pharmacists will appear in 
raised stone along the cornice of the building. The list of names include 
Boyle, Avogadro, Wohler, Proust, Cordus, Lavoisier, and others. 

The central location and arrangement of the stock rooms are unique 
features. ‘The stock rooms will be readily accessible to students in all 
laboratories. ‘The general chemistry laboratory, which demands con- 
siderable stock-room service, will be served through two windows from 
the main stock room. ‘The other large laboratory, qualitative analysis 
which will be used temporarily by students in organic chemistry also, 
will be supplied from the smaller stock rooms directly above the main 
stock room. ‘The efficiency of the stock-room service will be enhanced 
by elevator or dumb waiter service. 

The building will be heated by steam supplied by the central heating 
plant. Ample ventilation will be provided by means of a sectional system 
of fans. Hoods will be built into the walls of all laboratories. 

All class-rooms and laboratories will have mastic floors. The halls 
will have a linoleum center and mastic borders. 

To avoid the labor and nuisance involved in carrying trash through 
the building, a trash chute will be constructed for the janitor’s use. The 
chute will deposit the trash in a hopper, which will be emptied at regular 
intervals. 

Gas, air, and water are to be piped to all laboratories. Distilled water, 
hot water, steam, and electricity (A. C. and D. C.) will be available in 
laboratories where they are needed. 

An automatic still for distilled water will be placed in the attic. It 
will have a capacity of 25 to 60 gallons per hour, depending upon steam 
pressure. ‘The distilled water will flow by gravity to the various parts 
of the building through block tin pipes. ‘The raw water, before entering 
the still, will be softened by passing it through a zeolite water softener. 

The social room in the attic will serve as the meeting place of the Gamma 
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Sigma Epsilon Honorary Chemical Fraternity, and for other similar 


purposes. 
It is planned to equip the laboratories with the most convenient and 
modern laboratory furniture within the means of our funds. 


Future Changes and Additions 


It is expected that in the near future funds will be provided to complete 
and furnish the square. 

The quantitative laboratory (first floor, north) will be expanded east- 
ward so as to include the space now occupied by the class-room and the 
temporary laboratory of gas analysis and industrial chemistry. 

The library (second floor, north) will be expanded eastward so as to 
include the space now occupied by the class-room. 

In addition to class-rooms, research laboratories, and offices coset 
in the east and west wings, this space will be occupied chiefly by the labo- 
ratories of organic and industrial chemistry. 


Scientists Flu Victims Use Themselves for Research. The silver lining of Europe’s 
recent influenza cloud is beginning to show up in the research laboratories as medical 
men begin to take stock of what they have learned from this last disease offensive. 
Scientists, frequently afflicted themselves, seized the opportunity to collect valuable 
information and took cultures from the noses and throats of each other, their assistants, 
anc their own families as they fell victims to the advance of the epidemic, in the hope 
of isolating the causative germ of the baffling disease. 

Dr. G. S. Wilson, bacteriologist at the University of Manchester, attempted to 
isolate a bacterium that workers at the Rockefeller Institute for Medical Research in 
New York believe may be responsible for influenza. Cultures taken within 24 hours 
after a typical attack from patients who were on the laboratory staff failed, however, 
to yield up the suspected germ. Since the technic of the original investigators was 
carefully followed this may be taken to indicate that this particular organism is not 
the answer to the great influenza hunt that engages the attention of medicine at the 
present time. 

Drs. David and Robert Thomson of the research laboratory of St. Paul’s Hospital 
were able to get a blood culture within eight hours after one of them contracted a severe 
attack. The disease is so frequently complicated by secondary infections that the search 
for the causative organism of influenza itself involves prompt action as soon as possible 
after its presence is definitely ascertained. 

The St. Paul research men were no more successful than the others in their search 
for the bacterium of the Rockefeller people. They did isolate from the blood culture, 
however, a characteristic streptococcus, the type of bacterium that grows in bead-like 
chains, that they were able to find in several other patients. When the original in- 
fluenza victim had a subsequent mild attack the streptococcus was located in cultures 
taken from the mouth. They do not claim that this is actually the long-sought for 
organism but they do point out that it will bear looking into by other research workers 
engaged in this vital problem.— Science Service ‘ 
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AN IMPROVED HULETT APPARATUS FOR THE DEMONSTRA- 
TION OF THE VOLUMETRIC COMPOSITION OF WATER* 


Hat W. RICHARDSON CHEMICAL LABORATORY, TULANE UNIVERSITY, NEW 
ORLEANS, LOUISIANA 


In the demonstration of the volumetric composition of water using the 
usual form of apparatus designed by Hulett, two difficulties have been 
encountered: first, the preparation of the electrolytic gases proceeds 
so slowly that only one determination can be made before a class during 
the lecture hour and this determination almost uniformly yields unsatis- 
factory results which makes the demonstration worthless; and second, 
the steam jacket is uniformly too low in temperature to insure the main- 
taining of the water formed as a vapor. 

The modifications adopted meet both of these objections satisfactorily, 
as is indicated by the results of a series of experiments quoted hereinafter. 

The first modification is the introduction of a super-heater between 
the steam flask and the jacket. This is made of pyrex tubing, 18” by 1”, 
and heated by four Bunsen burners as indicated in the figure. It was 


Legend 

| 4 - Steam Generator 

- Juperheater 

[ C- Hulett Ap oratus 
Drying Tube 

£-Gas Confainer 


F - Poeumathi Trough 


at first thought that this method of heating would be irregular and thus 
spoil the results, but upon careful study using a thermometer inside the 
jacket it was found that the jacket temperature remained constant 

* From a paper read before the Section of Chemical Education, Pittsburgh Meeting, 
A.C. S., 1922, 
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through the series of experiments run during an hour. ‘The addition 
of a super-heater was, therefore, found to be very advantageous in pre- 
venting condensation of water vapor formed during the experiments. 

The second modification is the use of a gasometer composed of a three- 
liter glass flask which is filled quickly with two liters of hydrogen and one 
liter of oxygen and connected with a siphon tube dipping into a large 
pneumatic trough so that water is admitted as rapidly as gas is withdrawn. 
Having thus a ready supply of mixed gases it is quite easy to run a series 
of determinations before a class in a very short time. 

The two modifications have been in use at Tulane University in the 
lecture demonstrations of general chemistry and have proved very satis- 


factory as the data will show. 


RESULTS OF EXPERIMENTS WITH MopiFIED HuLETT APPARATUS 


B. Vol. of 
A. Vol. of gas after Calculated 
Run mixed explos. decrease Difference 
no. gases, actual 2/3 A, actual-calc., 
cc. ce, ce, 
1 74.4 50.4 49.6 +0.8 
2 81.0 53.2 54.0 -0.8 
3 68.5 46.1 45.6 +0.5 
4 69.4 46.2 46.2 0.0 
5 * 71.8 47.8 47.8 0.0 
6 80.2 52.8 53.4 —0.6 
7 65.5 43.2 43.4 -0.2 
8 74.0 49.0 49.2 —-0.2 
9 77.8 51.1 51.8 —0.7 
10 60.9 40.8 40.6 +0.2 


Several other mixtures have been run with equally satisfactory results. 


Electricity from Windmill Plants Proves Practical. Use of the windmill for the 
generation of electricity in rural districts unconnected to a main line supply is urged by 
the Oxford University Institute of Agricultural Engineering. 

Windmill plants can generate electricity cheaply and continuously it was proved 
in experiments made by the Institute. Place the windmill where nothing interferes 
with prevailing winds, supply it with storage batteries to act as a substitute for the 
wind on calm days and, presto change, there is an up-to-date, electricity-generating plant. 
As an auxiliary to charge the batteries, engines may be used which are no longer fit.for 
regular running, thus enabling a smaller plant to be chosen than would otherwise be 
necessary. Such engine sets are common throughout the country and would make good 
any occasional deficiency in the windmill plant. 

The cost of windmill-generated electricity was shown to compare favorably with the 
cost of electricity from supply companies but the windmill plant does not, of course, 
equal the supply company in reliability and flexibility of service. The small power 
scheme is urged only for districts remote from a main supply line.—Science Service 
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Chemical Digest 


THE PROMOTION OF CHEMICAL RESEARCH 


The general public in recent years has come to expect much of the 
sciences, especially physics and chemistry. Research has become a 
source of magic through which everything is made possible. However, 
there are two sides to this question. We quote the following from a 
recent article by Prof. Lafayette B. Mendel.' 


The chemist himself, on the other hand, knows all too well that there is no royal 
road to untrammeled success in his domain. Across the fields that he traverses there 
are liable to be barriers of the most varied sorts that may impede or even completely 
stop his progress. He is not protected against the stumbling blocks encountered in 
other walks of life. Men of science realize that they cannot answer the riddles of 
life or solve the problems of industry on command; yet the larger public is beginning 
to assume that in the scientific disciplines a little enthusiasm and well-directed energy 
will inevitably furnish the required solutions. The man-on-the street sees the modern 
engineer constructing bridges of hitherto unattained proportions; he watches the 
skyscraper rising under the builder’s guiding hand to surprising heights; and he ob- 
serves the harnessing of mighty waters to do service unto man. Hence he expects the 
chemist also to work wonders on demand, all too often not appreciating that there is 
an utter lack of the fundamental information upon which the desired effort must be 
based. Incidentally there is too little realization of the fact that contributions of large 
practical importance have not infrequently been the by-products of research rather 
than the immediate goal of the investigator. 


That one cannot always anticipate results in science is shown by 
Réntgen’s discovery of X-rays which was the outcome of a chance 
observation. Prof. Mendel says: 


The vaunting of the contributions of science to the welfare of nations, the story of 
how its progress has “revolutionized our civilization as to its methods and opportunities, 
as well as advancing our knowledge of the wonderful processes of nature,” bring im- 
mense gratification to the devotees of science. The satisfaction in accomplishment is 
compelling. However well the scientist himself may realize his limitations, the same 
modesty of outlook does not characterize his latter-day admirers. One may seriously 
inquire, therefore, whether some danger to scientific endeavor is. not hidden in the 
current great expectations The persistent worker in the laboratory is prepared to 
face temporary defeats with equanimity; they do not retard his efforts, but usually 
stimulate him to renewed endeavor. He realizes that research is essentially diligent, 
protracted effort. On the other hand, the public, the monetary admirer and supporter 
of the scientist, is not similarly inured to the inevitable shortcomings of experimenta- 
tion. The public craves today, more than ever before in the history of science, a prompt 


1 “Some Tendencies in the Promotion of Chemical Research,” Science, 65, 559-64 
(June 10, 1927). 
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and uncompromising answer to innumerable unsolved questions. It does not complac- 
ently brook the failures that may attend great expectations. ‘ Disappointments turn to 
disillusionment and then to distrust. When this occurs science is in danger of losing an 
ardent admirer and perhaps not a few staunch supporters. 


Thus the public should be educated with respect to the ways and 
means by which accomplishment is assured. We again quote Prof. 
Mendel: 


Huxley once remarked that ‘‘what people call applied science is nothing but the 
application of pure science to particular classes of problems.’’ It is indeed futile and 
undesirable to attempt to set distinctions between such categories of science. Never- 
theless it may not be amiss to stress again and again the desirability of preserving an 
unfaltering interest in what are often referred to as fundamental problems. Whether 
it be in chemistry, physics, or the biological sciences, the urge to ‘‘make good”’ is liable 
to lend an unwarranted emphasis upon achievements that are immediately practical. 
Their glitter and the enthusiasm that they create sometimes promote the abandon- 
ment of the arduous search for fundamentals. The secrets of the atom, the mysteries 
of the cell, the dynamics of living processes deserve to be revealed regardless of any 
immediate exploitation thereof in every-day life. 


One of the far-reaching influences of the World War upon chemistry 
was the collaboration of many chemists in investigative work in an effort 
to solve pressing problems. Here again Prof. Mendel believes that a 
possible menace may be foreseen through preponderance of enthusiasm. 
He believes that ultimately man and not the machine is responsible for 


progress. He says: 


It becomes a duty, therefore, to conserve the individual quite as much as to pro- 
mote the group. The history of chemistry gives abundant illustrations of the impor- 
tance of this thesis. Joint undertaking often brings brilliant results. But the human 
mind is not gregarious, nor is its possesscr always readily adjusted to strictly coépera- 
tive enterprise. It is also a real service to save the exceptional man, enabling him to 
develop that individuality which is unbiased by preconceived notions and unhampered 
by the dominance of an insistent fellow-worker. May not the oft-mentioned successful 
chemical research in some of the industries represent the advantage of community of 
interest rather than strict coéperation in undertaking? Competition in research is 
by no means always wasted effort, for it sometimes ends in verifying important deduc- 
tions as well as serving to correct error and point out new viewpoints. Codperative 
research needs no defender at the present time. It has become the cry of the hour. 
The preservation of individuality is the more likely to suffer neglect in a modern de- 
mocracy of science. We are partisans as men, not as students of science. 


Chemistry has experienced marked changes in the favored technic of 
experimentation. Recently much interest has been centered in the 
importance of the identification and study of substances in small quanti- 
ties. Micro-analysis has attained great popularity. Prof. Mendel says: 

The importance of “‘little things” in chemistry, the dominant significance of the 


minute in many chemical processes, greatly enhance the desirability of studying the 
potent rarer substances. In the effort to identify them the micro methods, 
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frequently indirect in their implications, may leave the chemist in the lurch. The 
possession of a small sample of an impure derivative may permit only the crudest sort 
of examination that is quite as likely to tantalize as to reward. I venture to prophesy 
a growing employment of “‘large scale’ operations in departments of chemical research 
that have scarcely outgrown the exclusive use of the test tube and the beaker for their 
major reactions. One can herald with a feeling of real assurance many future successes 
arising from the application of large scale chemical procedures. 


At the present time organic chemistry is overshadowed by physical 
chemistry. Prof. Mendel believes that the day of the organic chemist 
is not past. He says: 

This appeal for a rejuvenation of interest in what may be regarded as one phase of 
organic chemistry should not be interpreted in any way as even the slightest disparage- 
ment of the rival branches. It is made, rather, with the purpose of showing the limita- 
tions of exclusive ‘fashions’ in chemical research; it is uttered with the hope of en- 
couraging a greater integration of the varied aspects of chemistry that now receive 
isolated independent consideration. Perhaps nothing could be more conducive to this 
end than a reform of the current methods of teaching chemistry. 


Prof. Mendel concludes his article with the following paragraphs: 


Appropriate coérdination of preparatory studies is an important desideratum in 
the early training of the successful investigator; for it will help him to know things and 
forces not in isolated instances, but in their truer natural relations. 

Chemical research has become a dignified profession that has abundantly justified 
itself. Those who are devoted thereto have the duty of encouraging its efforts, of 
safeguarding its future, and of promoting its personnel. Critical comments such as 
some of the foregoing remarks involve, should not be construed as an outburst of pessi- 
mism. Change is the essence of progress which even the optimist may. endeavor to 


safeguard. 
W.R. W. 


Cod-Liver Oil Turns Blue in Vitamin Test. Color tests that will tell the amount 
of vitamins certain types of food contain is science’s latest practical project. 

Dr. Stanley G. Willimott and Frank Wokes, of Cambridge University and the 
University of Liverpool, have been trying out various reagents on foods of known 
vitamin content to see if it is possible to obtain a satisfactory test for the presence of 
vitamin A. 

Since this is the vita 1in needed for el the value of a color test that gives 
promise of actually gaging the quantity in different foodstuffs is regarded by scientists 
as of prime importance. Under present methods it is necessary to test such prepara- 
tions as cod-liver oil by the time-consuming process of feeding them to animals and 
then watching their rate of growth. 

The scientists found that antimony trichloride was the most siddalnabiae chemical 
test among those tried out. It produces a beautiful blue in the presence of vitamin A, 
the depth of which is measured by means of a tintometer. The technic of the process 
is exceedingly delicate and requires, according to Dr. Willimott, ‘‘the careful observation 
of a number of precautions some of which are just beginning to be understood.” 

“In view of the laborious and costly nature of feeding experiments and the wide 
margin of error in the results,’ he explained, ‘‘it is obvious that any chemical means 
which give promise of really estimating the vitamin should be tried on as wide a range 
of natural products as possible.””—Science Service 
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ABSTRACTS 


X-Ray Diffraction in Liquids. C.'V. RAMAN AND C. M. Socanr. Nature, 119, 
600-1 (April 23, 1927).—Photographs of the X-ray liquid halos of hexane and cyclo- 
hexane are reproduced. Cyclo-hexane shows a bright and sharply defined halo with 
a very clear dark space within, while hexane shows a less intense and relatively diffuse 
halo. From an X-ray point of view cyclo-hexane, consisting of ring-formed—though 
arbitrarily oriented—molecules has a nearly homogeneous structure. The elongated 
shape and varying orientations of the molecules of hexane cause it to be much less homo- 
geneous in X-ray scattering. This explanation is supported by the observation that 
the diffraction halo of benzene resembles very closely that of cyclo-hexane. Optically, 
hexane and cyclo-hexane are far more nearly similar to each other and differ markedly 
from benzene—here evidently the geometrical form is of less importance than its chem- 
ical character. H. K. M. 

Lister and Physiology. C. S. SHERRINGTON. Nature, 119, 606-8 (April 23, 
1927).—Discourse delivered before the Royal taeiety of Medicine on ais 6th. 

H. K. M. 

X-Ray Investigation of the Polymorphism of Fatty Acids. G. M. DE Borr. Na- 
ture, 119, 6384-5 (April 30, 1927).—By exposing a film to mono-chromatic X-rays 
rather sharp lines are obtained which are due to a long spacing present in the micro- 
crystalline film. Melting points, transition points, and spacing of the modifications 
are given. The even acids are monotropic. H. K. M. 

Florentium or Illintum. L. AND L. FERNANDES. Nature, 119, 637-8 
(April 30, 1927).—The authors reply to note of W. A. Noyes in Nature and claim 
priority in the discovery because they had the first sure data as to its existence, 7. e., 
by means of X-ray investigations. Yntema’s paper of 1924 states that he had no — 
confirmation at that time. H. K. M 

River Pollution and the Acidity of Natural Waters. W. J. M. MENzIEs. Nature, 
119, 638 (April 30, 1927).—Such acid conditions as prevail in the typical peat dis- 
trict may perhaps affect the flora and may possibly restrict the fauna but both trout 
and salmon parr can and undoubtedly do thrive in water of fg 4.5to/_6. H.K.M. 

On Making Students Work. W.W. S.LEaToR. Educ. Rev., 73, 265-70 (May 1, 
1927).—The first lessons must be short and easy for there must be absolutely no reason 
why a student who tries to get the lesson should fail. If an individual fails the teacher 
must not help along; to do so—especially at first—is absolutely fatal. The class will 
before long get into the habit of getting the work. A student for whom it is impossible 
should be removed. We do not care particularly to make students work. We do not 
want even to make them memorize things. We want them to understand, to appreci- 
ate, and to remember. The requirement of reciting laid by us upon the student is 
transformed by him into a requirement of understanding laid by him ages Bree 


The Glands and Their Secretions. SamurL T. Gorpy. Proc. Schoolmen’s Week, 
Univ. of Penn., XIV (1927).—In the past twenty-five years only has there accumulated 
sufficient knowledge on the basis of observation and experiment to give us a fairly good 
notion of what the glands of internal secretion do. They are factories highly specialized 
for the manufacture of very potent substances that regulate the chemistry of our lives. 
Chemists have been able to make some of these artificially, for example, thyroxin, the 
active principle of the thyroid gland and adrenalin, one of the active principles of the 
adrenal gland. In many instances chemists have been able to prepare from lower ani- 
mals very potent extracts which replace the action of these glands when they are lack- 
ing, for example, parathyroid extract known as parathormone, pituitary extract known 
as pituitrin, pancreatic extract known as insulin and active material extracted from 
the female gonads. 

If there is not enough thyroid in early life dwarfism and idiocy result. Thyroid 
also regulates the production of animal heat, in other words regulates the draught of 
the furnace of life: 

The adrenal glands, one above each kidney, manufacture adrenalin. It is a sort 
of energizing principle enabling us to do physical work and combat fatigue with greater 
efficiency. It operates when the organism is under special stress to mobilize all the 
body forces calculated to fit the animal for putting up a good fight or run from its ene- 
mies 
The parathyroids regulate the amount of lime salts in the blood. If they are re- 
moved the animal will go into convulsions which may be promptly relieved by the use 
of parathyroid extract. 
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The pituitary, located at the base of the brain, has much to do with our height, 
weight, and general contour. The seven- and eight-foot giants that we see in the circus 
and read about, all had an excess of pituitary secretion in their early teens. Certain 
types of fatness are due to disturbance of this gland. 

From the pancreas or sweetbread, insulin is obtained, a constant supply of which 
is necessary to keep us all from becoming sufferers from diabetes. When our own supply 
fails, we can now, thanks to the remarkable work of Banting and Best of Toronto, sup- 
ply our deficiency from insulin obtained from lower animals. 

Richet says, ‘“The living being is a chemical mechanism and perhaps it is nothing 
more.” Modern biophysics and biochemistry show more and more how our daily activi- 
ties are subject to the operation of general laws that function throughout the whole 
of life. There is a great wilderness of ignorance to be explored. Perhaps some day 
what we call personality will yield to exact scientific measurement. J. H. G. 

The Measurement of Teaching Efficiency. Perciva, M. Symonps. Educ. 
Admin. and Superv., 13, 217-23 (Apr., 1927).—School administrators keenly feel the 
need of objective information concerning teaching efficiency in high schools. A sum- 
mary is given of the attempts to measure the characteristics of an efficient teacher. Ex- 
perimental studies by the following investigators are included: Ruediger and Strayer, 
Boyce, Knight, Somers, and Whitney. Dr. Symonds discusses the advantages and 
disadvantages of score cards, rating scales, Franzen’s AR index and professional tests 
in determining teaching efficiency. He concludes that standardized tests cannot be 
used to measure teacher efficiency and that rating scales, while imperfect, are the best 
devices available today. No attempt is made to formulate a solution of the problem 
but errors are pointed out in the work of other investigators. A list of problems need- 
ing investigation is included. S$. R. P. 

Salaries in City School Systems, 1926-27. Res. Bull. N. E. A., 5, 1-128 (Mar., 
1927).—This issue of the Research Bulletin adds another to the important series on 
teachers’ salaries published by the National Education Association. These studies 
have developed fundamental principles of salary scheduling which are now widely ac- 
cepted. They have presented the factual material concerning the payment of salaries 
which is essential to intelligent procedure. Minimum, median, and maximum salaries 
(1926-27) paid school employees of all types in cities of all population groups are in- 
cluded. S. R. P. 

The Training of Teachers: The Problem of Professionalized Subject-Matter. 
Cuas. C. Fries. Educ. Admin. and Superv., 13, 178-91 (Mar., 1927).—An attempt is 
made in this article to answer the question of what constitutes good equipment for the 
teacher and in what manner such equipment can be obtained. The author answers 
the first question, in part, by saying that ‘“‘the immediate needs of the teacher in the 
service must determine the material of his training.’”” The attempt toward the ‘“‘pro- 
fessionalizing of subject matter courses” has been made in response to these needs. The 
writer states that ‘‘the professionalizing of subject matter courses for prospective teach- 
ers means: (a) that these courses cover the subject matter taught; (b) that they provide 
also a comfortable margin of knowledge for the teacher beyond the actual needs of the 
future pupils; (c) that they include discussions of the values of this material for teach- 
ing purposes, of the teaching problems peculiar to the particular subject matter of the 
instructional devices available; (d) that constantly the attention of the prospective 
teacher be centered upon his own mental processes in mastering the material in order 
that he may draw upon his experiences in later teaching.” The author disagrees with 
this solution of the teacher-training problem and says that liberal education for the pro- 
spective teacher is the solution. This does not mean a smattering of a wide range of sub- 
jects nor does it refer to knowledge of any particular subject-matter but rather to the 
development of a certain attitude of approach. The course which the student pursues 
in attaining a liberal education must be taught and realized in terms of the student’s 
own mental level. The prospective teacher must also be sensitized to the problems 
of the pupils he is to teach. S. R. P. 

School Marks vs. Intelligence. Davin Ontson. Educ. Admin. and Superv., 13, 
90-102 (Feb., 1927).—A study was made in the Everett, Washington, high school 
during 1924-25 to ascertain what correlation, if any, existed between mental ability 
and high-school marks. ‘The school marks and Terman test scores of 506 high-school 
graduates—200 boys and 306 girls—were used. The coefficient of correlation was com- 
puted by the Pearson product moment formula and was found to be +0.38+ 0.03. 
Although the correlation is low, it is positive and probably as high as could be expected. 
The correlation for the 200 boys was +0.32 +0.04 and for the 306 girls +0.47 +0.02. 
The correlation between science marks and mental test scores was +0.31 +0.03. The 
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correlation was highest in English, being +0.45 +0.02. The correlation between age 
at graduation and scholarship was —0.27 +0.03. The Terman test seemed to be a better 
prognosis in the case of girls than in the case of boys. Home economics, art, and manual 
arts show low correlation with mental test scores. Foreign language shows the lowest 
correlation of any of the academic subjects. S. R. P. 
True Teachers. H.E. Strong. Ohio Teacher, 47, 299 (Mar., 1927)—Dean Stone 
of West Virginia University attempts in this brief article to describe a true teacher. 
Many attempts have been made to describe such a character. Some have said that “it 
is he who is drawn to teaching by the love of it.” Another has said that a true teacher 
is one that has found his work and is happy in it. A true teacher has been described 
by Dr. James Angell as one ‘“‘who had that rare combination of talent, scholarship, and 
temperment together with a pure and manly character and a certain heroic disregard 
of the high pecuniary remunerations which other callings in life offer to men like him.” 
Dr. Stone characterizes such a teacher as one who can say as did a certain one-room 
rural school teacher, ‘‘Yes, it takes courage, heroism, sacrifice; yet it is a challenge to thrill 
one’s heart.” S. K.P. 
Whither Bound in Curriculum-Making? EARLE RuGG AND Pau, McKEE. Teach- 
ers J. and Abst., 2, 63-75 (Jan., 1927).—*Curriculum-making has received much post-war 
interest. The major problems are: (1) What shall be taught; and (2) upon what 
principles shall the curriculum be based? Specialists, textbook writers, administra- 
tors, supervisors, and teachers have been conscious of the need for a more scientific course 
of study. Several local school systems, notably Los Angeles, St. Louis, Denver, Detroit, 
Cleveland, Toledo, and Winnetka have attempted curriculum reconstruction based on 
scientific procedures. The Twenty-Sixth Yearbook of the National Society for the Study 
of Education has attempted (1) to give an historical review of curriculum-making; 
(2) to describe and evaluate contemporary practice; and (3) to state foundational prin- 
ciples of curriculum-making. The authors compare curriculum-making in the past 
with that in the present and then state the following ten major issues: (1) What period 
of life does the school contemplate as its end—adult life or the present life of the learner; 
(2) is the curriculum to be planned in advance; (3) should the curriculum follow conven- 
tional subject-matter lines or be built ‘de novo”; (4) are curriculum makers obliged to 
formulate a point of view concerning the merits and deficiencies of contemporary 
American life; (5) what portion of education is to be classed as general and what por- 
tion as specialized, vocational, and optional; (6) to what extent should the curriculum 
provide for individual differences; (7) who should make the curriculum; (8) how shall 
the curriculum be validated; (9) how shall the curriculum be made; and (10) wherein 
is learning related: to curficulum making? In conclusion the authors offer a few oe 
gestions as to means of solving . problem. S.R. 
Japanese Education. H. J. Fetus. Educ. Outlook, 79, 118 (Apr., 1927) © This 
article briefly traces the introduction of education into Japan from China about 180 
A.D. A university was founded at Kioto in 794. A sort of feudal system of edu- 
cation flourished until the seventeenth century. The effects of foreign influences in 
developing the present educational system is described, attention being called to the 
fact that the calling of Dr. Murray Butler as an advisor led to the establishment of oe s 
present educational system. S.R 
Thoughts on Freedom. R. F. Educ. Outlook, 79, 81-2 
1927).—This is a resumé of an address delivered at the Conference of the Head Masters 
in January which caused quite a bit of comment in English educational circles. Mr. 
Cholmeley questions the present state of the teaching profession and asks if we are freer 
than we were and further questions what is happening to our freedom. He believes 
that, on the whole, the members of the teaching profession find it easier to think what 
they like and say what they think. He believes that the war was responsible for this 
new freedom, in as much as the actual commanding of soldiers and other war activities 
caused to be thrown into discard the old idea that teachers were too well educated to 
be of any practical use. A second cause given by Mr. Cholmeley is that the salary of 
the Burnham committees has given greater financial freedom. The educational bene- 
fits attaching to the movies are doubted by him and their use in school onere 
Radio-activity and the Heat of the Earth. J.W. Evans. Nature, 119, 424-5 (Mar., 
19, 1927).—In reply to Dr. Lawson, the author thinks it dangerous to argue that since 
glass tubing absorbs but a small proportion of the radio-active energy this will also be 
the case with biotite. Dr. Brammell has shown that the alteration in biotite caused 
by radio-activity is considerable—the pleochroic spheres persist even when the biotite 
has been converted by pneumatolytic agencies into a substance practically identical 
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with muscovite. It is necessary to keep biotite at a dull red heat for about six hours 
to render the halos invisible. During that time a large amount of heat might be re- 
leased without catastropic results. Temperature gradients have been taken for the 
depth of a deep boring (5080 ft.), at Dubbeldevlei in the Cape Province of South Africa. 
The deeper part of the boring was in ancient granites and gneiss of acid composition 
and presumably rich in radio-active substances and potassium, but seems to have had 
no effect on the gradient. No determination of the radio-activity of the rocks traversed 
appears to have been made though the cores are apparently still available. H.K.M. 

The Action of Antiknocks. A. EGERTON AND S. F. Gates. Nature, 119, 427 
(Mar. 19, 1927).—Antiknocks do not influence detonation in rapid combustion mixtures. 
They function i in the initial stages of the combustion as negative catalysts. The metals 
which give effective organo-metallic antiknocks are found to be capable of forming higher 
oxides. In the slow combustion of the hydrocarbon, aldehydes are produced which 
readily form peroxides which autocatalyse or induce oxidation of the earlier stages. If 
these are removed combustion proceeds more slowly. ‘The unstable peroxide so formed 
and the metallic peroxide are considered mutually to destroy each other. The rate of 
destruction of the positive catalyst is greater than its rate of production so that com- 
bustion is delayed. A purely organic antiknock like aniline is effective for the same 
reason, retarding the oxidation of certain aldehydes at normal temperatures in the liquid 
phase. H. K. M. 

Dwelling Places, Portraits, and Medallic Illustrations of Newton. T. E. JAmEs. 
Nature, 119, 465-7 (Mar. 26, 1927). H. K. M. 

The Constitution of Mercury Derived from Coal Tar. F. W. Aston. Nature, 
119, 489 (Apr. 2, 1927).—Upon examination of a sample of mercury obtained in the 
distillation of coal tar (about one part in seven million undistilled tar) it was found that 
isotopic lines were absolutely indistinguishable both in position and intensity relations 
from those of ordinary mercury. H. K. M. 

The First Public Chemical Laboratory in England. R. T. Guntuer. Nature, 
119, 492 (Apr. 2, 1927).—A description of the laboratory built by the University of 
Oxford in 1683 which remained in use until superseded in 1848 by Dr. Daubeny’s new 
laboratory at Magdalen College. H. K. M. 

The Centenary of the Friction Match. W.A. Bong. Nature, 119, 495-6 (Apr. 2, 
1927).—The first friction match was sold April 7, 1827, by John Walker, pharmacist of 
Stockton-on-Tees. A description of this invention and the inventor’s life. H.K.M. 

The Bicentenary of Newton’s Death. E.W. Barnes. Supplement to Nature, 119, 
21-4 (Mar. 26, 1927).—An address delivered in Grantham in connection with the 
commemoration of the two hundredth anniverasry of the death of Sir Isaac Newton 
arranged by the Yorkshire branch of the Mathematical Association. The same issue 
of the Supplement contains the following series of addresses: 

“‘Newton’s Place in Science,” F.S. Marvin, pages 24-8; “‘Isaac Newton,” J. H. Jeanes, 
pages 28-30; “‘Newton’s Work on Astronomy,” F. Dyson, pages 30-3; “‘Newton’s Work 
in Mechanics,’”’ H. Lamb, pages 33-5; ‘‘Newton’s Work in Physics,” J. J. Thomson, pages 
36-40; ““Newton’s Work in Pure Mathematics,” L.S. Mordell, pages 40-3; and ‘“‘Newton’s 
Work in Optics,” R. Glazebrook, pages 43-8. H. K. M. 

“The World’s Most Tragic Man, the Man Who Never Starts.” Nem, M. CiarK. 
American, 103, 37 (1927).—A more or less biographical sketch of William Hoskins, 
well known to practically all members of A. C. S. 

The title of the sketch is represented as an expression of Mr. Hoskins’ philosophy 
of life. He is a believer that everything counts in the final attainment. 

His first scientific interest lead him as a boy to membership in the Illinois State 
Microscopic Society. 

He later sealed: assaying and followed it as a means of earning aliving. His present 
Hoskins Process Development Company is an outgrowth of the modest assay laboratory 
which his teacher, Miner, and he were operating in the early nineties. 

Most of his friends know of his work in developing nichrome and similar alloys for 
electrical heating units as well as his improvement of chalk for billiard cues. From 
this sketch it seems his latest interest is in phosphorus with its possible 3 in paints 

i L. M. 


in mind. 

Quality or Mass Production. Eprrorra,. Chem. Bull., 14, 184 (June, 1927).— 
“The best (training) for the poorest (pupils) and the poorest for the best” is the state- 
ment made by a writer on educational subjects for the Outlook which he believes is 
characteristic of the public-school methods in America. ‘The subnormal receives more 
than his share of attention. The mediocre and superior are thrown together and the 
attempt is made to keep them both in step in the educational process. The inferior 
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believe they are as good as the superior, making them optimistic in self-judgment. ‘The 
superiors are restrained and settle to a lower level of attainment. The colleges are try- 
ing to classify their raw material by achievement and intelligence tests and at the same 
time seeking to enroll the service of high-school teachers who might assist in the process 
by setting up standards of effort to distinguish the members of a class. Finally, the 
superior student is urged to continue through college while the inferior is helped toward 
manual labor. .L. M. 

Ultra-Violet Radiation. Donayp C. SrockBarce. Chem. Bull., 14, 171-2 
(June, 1927).—An interesting discussion of ultra-violet radiation is given beginning 
with its discovery in 1666 by Newton. The writer points out that physically all the 
radiations of the spectrum are alike and that whereas electric waves are big things like 
the largest waves on the ocean, the ultra-violet rays are tiny like the smallest ripples 
along the shore. 

The question of transmission and the materials used for transmitting the particular 
colors desired is discussed together with the uses of these different radiations. These 
radiations are used in photochemical and therapeutic work, chemical analysis, steriliza- 
tion, color effects, radio, etc. Even man is dependent on these radiations since the 
important processes of assimilation of carbon dioxide in plants is brought about by 
them. E. L. M. 

Sense on Lectures and Discussion. Wit1ii1am Orton. Bull. Am. Assoc. Univ. 
Profs., 13, 260 (1927).—Some of the criticisms aimed at the lecture method, the author 
considers, should more properly be leveled at the “‘current American misconception of 
the function of the lecture.’”” We Americans think of the lecture as the place where 
the student is ‘‘taught.”” We consider that it must carry the burden of the course; the 
student is not considered actively responsible. The failure of the lecture is more to be 
blamed upon this passive attitude of the student than upon the method. 

Some of those clamoring for the discussion method as a substitute for the lecture 
are merely attempting to sidestep a “responsibility which the British student has to 
accept,” 2. e., doing ‘‘voluntary reading’’ to carry the course. 

The author feels that more experience is required to successfully conduct a dis- 
cussion group than to give lectures. So he fears ‘‘the discussion method would . . . sim- 
ply enable a poor teaching job to be done poorer and slower.” 

He considers the primary and essential need to be a reduction of the average num- 
ber of class hours. “The routine requirements of most American colleges render good 
scholarship simply impossible.” B: CoH. 

The Atomic Weight of Silver. B. BRAUNER. Nature, 119, 348 (Mar. 5, 1927).— 
Concerning the value 107.864 + 0.0013 obtained by Baker and Riley for the atomic weight 
of silver by determining directly the ratio Ag:O, Brauner suggests that some silver may 
have been volatilized and so account for the low value. He cites experimental work 
showing the volatility of silver at different temperatures and calculates that the losses 
would be between 0.08 milligram and 0.14 milligram—these quantities are so small 
that the silver would not be visible in any way in the quartz tube. B.andR. reply that 
it was not possible for the silver to escape in the vapor state—that no deposit was noticed 
during the eight years of the experiments and microscopic examination failed to reveal 
any trace of deposit on the part of the silica tube which was cooled or in the glass tube. 
The silver was melted several times until its weight was constant to one or two hun- 
dredths of a milligram—if there had been any such loss as Prof. Brauner suggested such 
constancy could not have been attained. H. K. M. 

Fundamental Problems Relating to River Pollution. H.W. Harvey. Nature, 
119, 463-4 (Mar. 26, 1927).—The need for scientific research to provide a basis upon 
which to deal economically with the pollution of the rivers of Great Britain has been 
widely recognized during the last few years and the Government is now prepared to 
provide adequate financial assistance. The types of pollution fall into two broad groups, 
inorganic and organic waste products. The chemist and engineer will find effective 
treatments for almost every effluent of the first group, but their application will depend 
upon their cost. Considerable quantities of some effluents may be run into a river with- 
out causing any considerable harm and a mere change in the nature of the fauna does 
not provide sufficient ground for recommending the possibly costly treatment of effluents 
provided the capacity of the water to purify itself is not interfered with. This involves 
biological research of some magnitude. The study of the second group is more com- 
plex. Putrefaction in the water by using up the dissolved oxygen renders it insuffi- 
ciently aerated. Changes of hydrogen-ion concentration—changes between py 6 and 
bu 8 undoubtedly affect the nature of the fauna and perhaps the flora but it seems un- 
likely that a river would be harmfully affected until the hydrogen-ion concentration 
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had arisen to around pg 5.5 or even lower. The increase in partial pressure of carbon 
dioxide coincident with putrefaction may have a specific physiological effect. Further, 
there is the very important effect of toxic compounds produced during putrefaction. 
It will be necessary to find out the effect of each factor not only on fish but on other 
forms of aquatic life. H. K. M. 

Tetragonal Structure of Carbon Steel. N. SELJAkow, J. KurpuMmorr, AND N. 
Gooptzor. Nature, 119, 494 (Apr. 2, 1927) —The authors conclude that the ‘observed 
tetragonal structure of steel is a solid solution of carbon in the eden” tetragonal 
lattice of metal atoms. H. K. M. 

National Education Association Convention. V.K.Frouta. Wash. Educ. J., 6, 
165-6 (May, 1927).—The sixty-fifth session of the National Education Association met 
in Seattle, July 3-8, 1927, its first meeting in the state of Washington. The Association 
was organized in Philadelphia in 1851 and has held a convention every year with only 
five exceptions and with only one meeting held outside the United States. This asso- 
ciation is one of the many agencies devoted to the uplift of mankind and the spread of 
general intelligence. Even the radio and the movie with their large contribution to 
the spread of general information and culture can never function as a complete substi- 
tute for the personal contact and the spoken word. Of course, those alone who have 
much to give can hope to take away much from any great convention. E.S.R. 

Contributions That Have Been Made by Pure Science to the Advancement of Engi- 
neering and Industry. C. R. RicHarps, FRANK SCHLESINGER, HENRY B. Warp, 
Cuas. H. HERTy, H. WILLITS, HEINRICH RIES, GILBERT AMES BLISS, RANDLE 
C. ROSENBERGER AND J. MCKEEN CaTTELL. Sci. Mo., 24, 289-328 (Apr., 1927).—A 
series of addresses presented in a symposium and setting forth some of the more impor- 
tant ways in which the different fundamental sciences, viz., astronomy, biology, chem- 
istry, economics, geology, mathematics, public health, and psychology have aided in the 
development of engineering and industry. G. W. S. 

Chemical Microscopy. Time and Labor Saver. E. M. Cuamor. Sci. Mo., 24, 
366-73 (Apr., 1927).—The use of the microscope in analysis is described and a number 
of illustrations are given to show the purposes for which it may be used advantageously. 
It is not intended to displace the standard chemical analysis but to supplement it. Its 
use is of particular value in cases in which the sample available for analysis is very small 
or for detecting mixtures of compounds. It is rapid and comparatively inexpensive. 
A number of cuts accompany the text. G. W. S. 

Carl Graebe. ANon. Z. angew. Chem., 40, 217-8 (Feb. 24, 1927).—Carl Graebe 
was born on February 24, 1841, in Frankfurt-am-Main, where his father had settled 
as amerchant. After attending the Technical High School at Karlsruhe, he went to 
Heidelberg to study chemistry under Bunsen. Having spent a few months in Mar- 
burg, he returned to Heidelberg, first to act as Bunsen’s lecture assistant and later to 
carry out his first research, on methylsalicylic acid, in Erlenmeyer’s laboratory. He 
then entered the Héchst dyestuff factory, but, owing to bad health, left this post after 
a year. In1865 he began work inthe Berlin Gewerbeakademie, where, after six months, 
he became assistant to the young Adolf von Baeyer, and it was here that he met 
Liebermann, Victor Meyer, and others. Graebe settled in Leipzig as a Privatdozent 
in 1869, being called to the University of Kénigsberg as ordinary professor in the follow- 
ing year. Finally he passed in 1878 to the University of Geneva where, for twenty- 
eight years, he displayed a many-sided and fruitful scientific activity. 

While in Berlin he was stimulated by Kekulé’s benzene theory to commence the 
study of benzenoid compounds, and this led to his fundamental work on the quinones, 
which was carried out in Berlin in collaboration with the then medical practitioner Karl 
Liebermann. From these investigations arose the recognition of the chemical nature 
of alizarin. By subliming this substance over zinc dust, Graebe showed its relation- 
ship to anthracene; by oxidation of the latter to anthraquinone, bromination, and alk- 
ali-fusion, the synthesis of alizarin was achieved. In as much as this was the first syn- 
thetic production of a naturally occurring dyestuff, Graebe’s work on it was a landmark 
in the history of chemistry and chemical technology. It may be added that the technic 
of the time rendered it almost impossible to produce pure anthracene, which greatly 
added to the difficulties of the task. The production of alizarin brought Graebe into 
intimate contact with chemical industry. In conjunction with dyestuff specialists 
such as Brunck, Caro, Bohn, and others he occupied himself with the elaboration of 
technically important processes and with problems newly arising in industry. This 
did not lead him to neglect the development of pure chemistry. During his twenty- 
eight years at Geneva, a large number of very important researches emerged from his 
laboratory, including his work on naphthalene and the elucidation of its constitution; 
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further work on the quinones; the investigation and synthesis of various constituents 
of coal tar, such as phenanthrene, fluorene, chrysene, and carbazole; the preparation 
of acridine; and the work on alizarin blue, which led to Skraup’s synthesis of quinoline. 
The universal recognition shown to Graebe found expression on the occasion of the cele- 
bration of his Doktor-Jubilaum in 1903, when the leading representatives of chemical 
science and industry of many lands came to pay him homage. When he finally left 
Geneva in 1906, he returned to his home town, Frankfurt. In this period of his life 
falls the composition of his book on the history of organic chemistry, the first volume 
of which appeared as recently as 1920. He died on January 19, 1927, and the last years 
of his life were clouded by brain and nerve trouble; from time to time he had to seek 
rest in an institution for the treatment of nervous diseases. During these years of suffer- 
ing his wife staunchly aided him, and without her faithful nursing he would hardly have 
attained the age of eighty-six. B. F. 
Surface Tension. N. K. Apams. Sci. Progress, 20, 621-46 (Apr., 1927).—The 
work on surface films has been done partly by direct measurement on a float and partly 
by calculation from the known tension of the pure liquid. This pressure is probably 
due to collision of molecules which in gaseous films lie flat unless compressed. When 
the molecules are not flat, they are probably oriented perpendicular to the surface and 
when the chain is close packed the pressure must be born by chain molecules in contact. 
Many different films were examined, gaseous, liquid, and solid, on different liquids. 
. S. RADFoRD 
The Nature of the Inorganic Phosphate in Voluntary Muscle. Cyrus H. Fiske 
AND Y. SUBBAROW. Science, 65, 401-3 (Apr. 22, 1927).—Certain abnormalities ob- 
served in the determination of inorganic phosphate in protein muscle filtrates indicate 
the existence of an unstable creatine-phosphoric acid compound which decomposes into 
the inorganic phosphate during stimulation of the muscle. Separation of this compound 
on a small scale has been accomplished but a complete analysis has not been 2 
H 


Profits Derived from Segregating College Students on the Basis of Ability. H.W. 
MILLER. Science, 65, 427-9 (Apr. 29, 1927).—Freshman engineering students of the 
University of Michigan were segregated i in a course in descriptive geometry according 
to their previous grades in all courses. The results showed that low students profited 
by the segregation in intelligence, personal contact with the instructor, and develop- 
ment of confidence. The high students profited in time, intelligence, content of course, 
and contact with the instructor and with other men of their own kind. H. F. 

Science Department Meetings. ALEX BRODELL. Sch. Rev., 35, 428-47 (June, 
1927).—An article giving in detail an outline of the work of a science department’s 
monthly meetings, with a topic suggested for monthly meetings and a bibliography of 
that, topic. 

The article is intended to help a new head of a science department outline his work 
with his teachers. BEN H. Bau 

The Relative Value to the State of Graduate and Undergraduate Studies in a State 
University. C.H.KENNEpy. Sch. and Soc., 25, 497-502 (Apr. 30, 1927).—The writer 
compares the returns made to the State by graduate and undergraduate students, and 
concludes that the average A.B. student is of value in the education he passes on through 
his teaching in grade and secondary schools and to family groups. It is estimated that 
the lowest type of M.A. student returns to the state two hundred times as much as the 
ordinary A.B. student. The author believes that more funds should be available for 
use by graduate students and that the university budget should show that the univer- 
sity income has been spent where it will give the greatest possible return to the gg ie 


Freshman Week in a Small College. E.K.Hitipranp. Sch. and Soc., 25, 541- 
3 (May 7, 1927).—Freshman week, which originated at the University of "Maine in 
1923, has been adopted by many universities throughout the country. Its success at 
Dakota Wesleyan has made it a permanent part of the school program, and the way in 
which such a plan is actually carried out in this small, mid-western college is discussed 
in this article. 

Through freshman week the unfamiliar student develops into a new type of fresh- 
man—he gains an insight into university life, establishes a closer relationship with the 
faculty and has an opportunity to approach department heads and become acquainted 
with instructors. In short, the gap between high school and college is ee — 


bridged. 


test 


Nebraska. The Nebraska section of 
the A. C. S. in its reorganization has the 
following officers for the the coming year: 
Chairman, Prof. R. C. Abbott, College of 

Agriculture, 

Vice-Chairman, Dr. C. W. Ackerson, Col- 
lege of Agriculture, 

Sec.-Treas., Dr.Waldo Westwater, Lincoln, 

Councilor, Prof. F. W. Upson, Lincoln, 

Executive Committee, Prof. M. J. Blish, 

College of Agriculture; Prof. J. A. 

Moss, Cotner College; and Prof. B. 

Clifford Hendricks, Lincoln. 

Nebraska’s institutions of learning are 
turning to chemists for their deans of men. 
Doctor T. J. Thompson, who has been 
professor of biochemistry at the Univer- 
sity of Nebraska for the past five years, 
becomes dean of student activities begin- 
ning Sept. 1, 1927. Professor Royce Le- 
Roy who had charge of the department of 
chemistry at Doane College the past year 
becomes dean of men beginning with the 
fall semester. 

The Pennsylvania State College. The 
Institute of Chemistry of The American 
Chemical Society was held this summer 
for the first time at The Pennsylvania 
State College. The registration (on July 
21st) had reached a total of 246 persons. 
Five foreign countries were represented. 
Among those present were directors of 
research laboratories, industrial chemists, 
chemical engineers, professors of chem- 
istry, high-school teachers, and graduate 
students. 

The three important features of the In- 
stitute were: 

1. The daily morning conferences. 

2. The evening lectures. 


8. The social gatherings each evening 
at which there were many helpful inter- 
views and discussions in addition to the 
usual social activities. 


Haverford College. Dr. Walter W. 
Thomson has accepted a position as in- 
structor in chemistry at Haverford. 


Carnegie Institute of Technology. Five 
new faculty appointments to the College 
of Engineering are announced for next 
year by the Carnegie Institute of Tech- 
nology. ‘They include John H. Neelley as 
associate professor of mathematics; How- 
ard V. Russell as assistant professor of 
physics; Walter H. J. Taylor as assistant 
professor of chemical engineering; Charles 
E. Leberknight as instructor of physics; 
and John A. Davis as instructor of civil 
engineering. 

In the College of Engineering, Dr. 
Thomas R. Alexander, assistant professor 
of chemistry, has been elevated to the 
rank of associate professor of chemical 
engineering. In addition, Frank C. Ashe, 
head instructor of the department of 
electrical equipment and construction of 
the College of Industries, has been trans- 
ferred to the College of Engineering with 
the rank of assistant professor of electrical 
engineering. 

Leaves of absence, it was also an- 
nounced, have been granted to the fol- 
lowing faculty members for the coming 
year: Howard C. Griffin, associate pro- 
fessor of chemical engineering and Em- 
erson M. Pugh, instructor in physics, 
College of Engineering, Miss Clara E. 
Miller, instructor in chemistry, Margaret 
Morrison, Carnegie College. 


I do think that the study of natural science is so glorious a school for the mind 
that, with the laws impressed on all created things by the Creator and the wonderful 
unity and stability of matter and the forces of matter, there cannot be a better school 


for the education of the mind.—Farapay 
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Science: The False Messiah. C. E. 
Bobbs-Merrill Co., Indianapo- 
lis, 1927. 296 pp. 14 X 22cm. $3.00. 


A budget of paradoxes by a philosopher 
turned journalist. A clever, amusing, and 
irritating book. Many people will enjoy it: 
few like it. In the course of his passage 
from Harvard to The New Republic he has 
acquired a universal skepticism that in- 
fringes at times on his own ideas. He is 
contemptuous of all science except the 
applicable, and he is afraid of that. He 
disbelieves in religion, and fears that 
science will usurp its former authority. 
“That creeds and churches are reformed 
only at the expense of losing all their 
power. That when science has become 
supreme any attempt to rectify its formu- 
las will be persecuted as heresy.” 

In short Dr. Ayres is haunted by essen- 
tially the same apprehension as Samuel 
Butler of ‘Erewhon” and Mahatma 
Gandhi of India, lest the machines that 
man has made shall eventually enslave 
him. He sees the medieval social order 
that we have inherited from an agricul- 
tural age palpably dissolving before our 
eyes, and “‘it is the dissolution of civiliza- 
tion—the whole of it, and the only one 
we have.” Divorce “is the last despair- 
ing gasp of an already doomed institu- 
tion.” ‘The five-room bungalow, having 
abolished the ties of blood, wipes out the 
tie of sacrament almost without effort.” 

And he sneers at the idea that science 
can ever serve as a guide to life or that 
the spread of enlightenment will advance 
the race. “For many years it has been 
known that two plus two make four. Yet 
civilization has not been regenerated. 
What are we to expect of the proposition 
that one proton plus two electrons makes 
hydrogen? Doubtless more of the same 
lamentable unregeneracy.”’ The proposi- 
tion that ‘‘one proton plus two electrons 


makes hydrogen” is undeniably a “‘false 
Messiah” and not likely to alleviate the 
lamentable unregeneracy of civilization. 
The author’s criticisms are often pertinent 
but among so many sweeping statements 
he is bound to hit it right sometimes, and 
I doubt if the average is over the chance 
ratio of the theory of probabilities. 
Epwin E. SLosson 


General Chemistry. A Cultural Course 
Based upon the Texts of the Late Alex- 
ander Smith. James Kendall, F.R.S. 
Professor of Chemistry and Administra- 
tive Chairman of the Department of 
Chemistry of Washington Square Col- 
lege, New York University. The Cen- 


tury Company, New York. First Edi- 
tion, 1927. xxix + 676 pp. 13 X 20 
cm. $3.50. 


A number of revisions of the Smith text- 
books have been made by Professor Ken- 
dall and his collaborators to fit various 
requirements in the teaching of elemen- 
tary chemistry. This latest product is 
devised to capture and captivate those 
students who take chemistry, not for a 
professional requirement, but as a science 
elective—probably because they are try- 
ing to avoid mathematics and consider 
chemistry a lesser evil than physics. 
However, we quite agree with the author 
that ‘“‘even the professional student will 
not be handicapped by the fact that he 
was given the opportunity to enjoy chem- 
istry during his first year.” 

As one upon whom the mantle of the 
late Alexander Smith has fallen, the author 
feels constrained to maintain the classic 
tradition in his presentation of the subject. 
In his own words, “‘any innovations con- 
sist rather in outlook than in content.” 
In offering the cultural view of chemistry 
he has not found it necessary to omit the 
more difficult theoretical developments. 
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Such omissions have been the chief reason 
for which the sterner chemists have damned 
previous attempts to humanize the science. 

In the interest of culture and because of 
recent advances, chapters and sections 
have been added which, of course, were 
not present in the original Smith texts, and 
here the author has emerged from the 
shadow of his master. The chapter on 
atomic structure is unusually complete as 
well as clear and interesting. The chap- 
ters on plant and animal life and the 
chapter on synthetic products are per- 
haps the most valuable from the cultural 
viewpoint. A few pictures of noted scien- 
tists, a valedictory including a list of the 
winners of the Nobel Prize in chemistry, 
lists of medallists, the presidents of the 
American Chemical Society, and the in- 
spiring accomplishments of all these—such 
inclusions seem quite apropos since culture 
must presume a recognition of persons 
as well as a knowledge of their works. 

At the end of certain chapters there are 
numerous references to recent books and 
journal articles. These are largely popu- 
lar in nature and, if the student could be 
persuaded to read a few of them, they 
would certainly stimulate his interest in 
chemistry. It is at least to be hoped that 
they may be read by his instructor! 

In general, this textbook is one which a 
chemist must feel that he would have liked 
as a student. It is particularly to be 
recommended as a reference book to those 
instructors who wish to impress their 
students with a more liberal view of 
chemistry. 

Harvey A. NEVILLE 


Colloids. H. R. Kruyt, Professor of 
Physical Chemistry, University of 
Utrecht, Holland. John Wiley and 
Sons, New York, 1927. xi + 262 pp. 
116 figures. 15 X 23cm. $3.50. 


This is an excellent text, well balanced, 
and the most modern of its size and type. 
Adsorption is clearly presented with quite 
a leaning toward the orientation theories 
of Langmuir and of Harkins. Capillary 
electrical phenomena receive rather exten- 


sive treatment and, of course, Kruyt’s own 
excellent work on flow potentials is well 
given. 

The author has done notable work on 
the stability of colloids and it is an advan- 
tage to the reader to have this research 
summarized by Kruyt himself. Kruyt 
shows, for instance, how an emulsoid may 
be dehydrated by alcohol or acetone to the 
suspensoid state, sensitive to low ionic 
concentrations. Perhaps we might quibble 
over the reference to hydroxide sols as 
lyophobe colloids. The oxides of some of 
the metals such as ferric oxide are really 
noticeably hydrated although not com- 
parable to agar or albumin. 

The author is more careful than most of 
us in using the symbols ‘‘m y’’ where we 
incorrectly write “yuu’’ for “‘millimicron.” 

Kruyt’s comments on Perrin’s colloidal 
atmosphere are sane and in general we are 
impressed by the soundness of his views. 
He takes sharp issue with Loeb on the 
overwhelming importance of px values in 
a gelatin sol. By the use of certain other 
ions than hydrogen or hydroxyl he brings 
gelatin to an isoelectric point at varying 
pu values. Biologist followers of Loeb 
will do well to study carefully the con- 
vincing evidence presented by Kruyt. 
Yet Kruyt insists that Loeb’s own views 
suffered a radical change from 1918 to 
1923 and would have been modified much 
more but for his untimely death. 

Illuminating views are also expressed in 
this book on the Donnan equilibrium and 
membrane potentials. 

Physicists and biologists will join colloid 
chemists in appreciation of this valuable 
book. 

Harry N. HoLMEs 


Principles of Organic Chemistry. Davip 
E. Worrau., Ph.D., Professor of Or- 
ganic Chemistry in Tufts College. 
Longmans, Green and Co., New York 
City, 1927. xii + 312 pp. 14 X 20 

em. $2.50. 

The object of the author, as set forth 
in the preface, was to prepare a small book 
on organic chemistry suitable as a text- 
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book for beginning students in the subject 
and who received no further instruction in 
this branch of the science. The scope of 
the subject was enlarged to include ma- 
terial for three lectures a week for one 
school year. 

The author has not devoted much space 
to the discussion of individual compounds 
but has taken up the general properties 
and reactions of the different homologous 
series and the important theories and gen- 
eralizations that have been developed in 
connection with the different phases of 
the subject. Compounds that are de- 
scribed are usually the very common ones 
or substances of considerable practical im- 
portance. 

The names of the men who have con- 
tributed to the advancement of organic 
chemistry are given in connection with 
their work. Current problems are em- 
phasized in such a way as to show that the 
subject is still developing. 

Users of this text will need to supple- 
ment it with numerous lectures. Very 
few definitions are included. Little em- 
phasis is placed on classification, homol- 
ogy and structure although these ideas 
are taken for granted in the discussion of 
the topics. 

The author has deviated somewhat 
from the usual order of topics. He omits 
the discussion of the methods of organic 
chemistry which is included in most ele- 
mentary books. The alcohols are de- 
scribed in the first chapter since they are 
the raw materials from which the other 
aliphatic compounds are prepared. A 
very large number of new ideas is intro- 
duced in this chapter with very little ex- 
planation. Unless clear lectures accom- 
pany the first part of the book, the ordi- 
nary student will be very much confused. 

The author has not been careful to 
follow any one authority in the spelling of 
the names of the compounds described. 
The aliphatic ketones’ names are spelled 
without the final e, for example, butanon. 
Names of aliphatic amides are spelled with 
the final e whereas aromatic amides are 
written without the final e. The terms 


chlor and chloro, brom and bromo are used 
indiscriminately. In addition there are 
numerous typographical errors through- 
out the book which give the reader the 
impression that it was hurriedly written 
and published. 

C. S. MARVEL 


The Polarimeter. Vivian T. SAUNDERS, 
M.A. Adam Hilger, Ltd., 24 Rochester 
Place, London, N. W. 1, England. i+ 
23 pp. 15 illustrations. 15 X 24 cms. 
1s. 6d., net; 1s. 7d., post free. 


“This lecture, illustrated by fifteen lan- 
tern slides, is an attempt to survey in the 
brief space of one hour, the history, the 
development and the more important in- 
dustrial applications of the polarimeter. 
The writer does not pretend to recount 
any hitherto unpublished results of re- 
search, nor to advance any new theory.” 
This pamphlet, ‘“‘A Lecture on the Theory 
and Practice of Polarimetry,”’ is somewhat 
of the nature of the bulletins issued by the 
manufacturers of scientific apparatus in 
this country, but more elaborate, being in 
reality an elementary treatise on polarized 
light and its applications. Tae theory 
covers practically the same ground as do 
the textbooks for elementary collegiate 
courses in physics under the heading 
“Polarized Light.’’ Descriptions of a 
standard polarimeter, a saccharimeter, and 
a combination spectroscope and _ polari- 
meter together with the accessories of each 
instrument, all made by Adam Hilger, 
Limited, are given in detail, with corre- 
sponding illustrations. ‘The chemical uses 
of the polarimeter, both as regards chemi- 
cal theory and practice, are discussed. 
This little text is admirably suited to the 
needs of those who are desirous of using 
polarimetric apparatus, but have no 
knowledge of the theoretical development. 
The writer in relatively few pages has 
clearly and lucidly, in a manner easily 
understandable for the layman in science, 
built up a background of theory and spe- 
cific information that leads to an intelligent 
use of these instruments. 

Cuas. G. EIcHLIN 
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Periodic Table. Horace G. DeEmING. 
John Wiley and Sons, Inc., New York. 
34” X 60.5”. $3.50. 


This chart has been reprinted on linen 
and enlarged from ‘‘General Chemistry,” 
by Horace G. Deming for use in con- 
junction with that text. 


TO BE REVIEWED LATER 


Biochemical Laboratory Methods for 
Students of the Biological Sciences— 
Morrow. 

Contemporary Developments in Chem- 
istry—Series of Lectures. 


Elementary Physical Chemistry—Taylor. 

First Principles of. Chemistry—Dootson 
and Berry. 

Four Thousand Years of Pharmacy—La 
Wall. 

General Chemistry—McCutcheon and 
Seltz. 

Introduction to Organic Chemistry— 
Williams. 

A Laboratory Book of Elementary Organic 
Chemistry—Lowy and Baldwin. 

New Conceptions in Colloidal Chemistry— 
Freundlich. 

Statistical Mechanics with Applications to 
Physics and Chemistry—Tolman. 


Strange Glow Seen in Electric Light Bulb. A mysterious and as yet unexplained 
blue glow in a special light bulb is puzzling members of the department of physics at 
Johns Hopkins University. The effect was noticed by Dr. Joseph Kaplan while trying 
to get hydrogen in atomic instead of molecular form. The apparatus consisted of a 
large glass bulb in the bottom of which had been sealed the filament from a 300-watt 
tungsten lamp. Varying amounts of hydrogen, under low pressures, were allowed to 
enter the bulb. 

In a report to Nature, Dr. Kaplan describes the effect. 

“The filament was allowed to come to incandescence, the observer very carefully 
shielding his eyes from the direct light of the filament. On extinguishing the filament 
and opening the eyes, it was possible to see a weakly luminous ball of vapor, blue in 
color, rising from the filament and spreading out into an umbrella-shaped cloud at the 
top of the bulb. ‘This glow persisted for about a second and then disappeared. The 
act of disappearance was a characteristic one, the glow appearing to collapse from the 
wall of the bulb to its center. The speed with which the glow shot up from the fila- 
ment increased with increased pressures.”’ 

When the filament was burned steadily for about 30 minutes the glow was no longer 
observed. Letting it stand for about ten minutes, however, restored the power. This 
leads Dr. Kaplan to suppose that the glow is caused by something given off from the 
filament, but that after the filament has been burned a while, all the carriers of the glow 
are released. ‘The light is so faint that it has not yet been possible to observe its spec- 
trum, which might furnish a clue to its nature.—Science Service 

Famous University Holds Four Hundredth Anniversary. Four centuries of teach- 
ing, from the days of the sixteenth-century philosophers down to. twentieth-century 
scientists and scholars, are being celebrated by the famous University of Marburg this 
month, and universities from all over the world are sending representatives to attend. 

Marburg is one of the quaint German hillside towns, with a castle on the hilltop, 
a beautiful Gothic church containing the tomb of St. Elizabeth of Hungary, a river 
flowing by on its way to meet the Rhine, and the famous little university which has 
attracted so many famous men. 

Among the great names associated with the university are those of Bunsen, the 
great chemist, the jurists, von Savigny and W. Engelmann, the doctors, Beneke and von 
Behring, the philosopher, F. A. Lange, the geologist, E. Kayser, and the theologist, 
von Harnack.—Science Service 
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‘“‘“A Few Moments with the 
Business Manager” | 
YOUR READING 


Thirty of the leading national magazines are cooperating with the JOURNAL 
OF CHEMICAL EDUCATION in making special offers to its present and fu- 
ture readers. i 
Among these well-known magazines will be found your present and future 
favorites. By sending your subscription to us you will make a substantial 
saving and at the same time you will be assuring the JOURNAL OF CHEMI- 
CAL EDUCATION the continued cooperation of these magazines in aiding us 
to bring the JOURNAL OF CHEMICAL EDUCATION to the attention of 
everyone interested in chemistry. 
Make use of the offers following. Tell your friends! 

Let the Journal of Chemical Education help you and you help it by sending 
us your subscriptions to famous national magazines. 


(Postage to foreign countries quoted on request.) 
Regular Offer 


Offer Magazines Price ‘or 
lyear 2 years 
1 The American Magazine $2.50 
Journal of Chemical Education 2.00 
; $4.50 $4.00 
2 The American Mercury $5.00 
Journal of Chemical Education 2.00 
$7.00 $6.00 $12.00 
3 Asia $4.00 
Journal of Chemical Education 2.00 
$6.00 $5.00 $9.00 
4 Atlantic Monthly $4.00 
Journal of Chemical Education 2.00 | 
$6.00 $5.50 
5 Collier’s, The National Weekly $2.00 | 
Journal of Chemical Education 2.00 
$4.00 $3.35 | 
6 Delineator $2.50 | 
Journal of Chemical Education _2.00_ | 
$4.50 $4.25 $7.75 | 
7 Everybody’s $2.50 
Journal of Chemical Education 2.00 | 
$4.50 $4.25 $8.00 | 
8 The Forum $4.00 | 
Journal of Chemical Education 2.00 | 
$6.00 $5.00 
9 Geographical Review $5.00 . 
Journal of Chemical Education 2.00 
$7.00 $6.00 
10 The Golden Book $3.00 | 
Journal of Chemical Education 2.00 
$5.00 $4.50 
11 Harper’s Magazine $4.00 
Journal of Chemical Education 2.00 | 
$6.00 $5.00 $10.00 
12 The Historical Outlook $2.00 | 
_ Journal of Chemical Education 2.00 
: $4.00 $3.75 
13 The House Beautiful $3.00 
Journal of Chemical Education 2.00 
$5.00 $4.75 $9.50 
14 House and Garden : $3.50 i 
Journal of Chemical Education 2.00 
$5.50 $5.00 
| 
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Combination Offer 

Offer Magazines ‘ice 

15 The Literary Digest $4.00 
Journal of Chemical Education 2.00 
: .00 65 
16 The Mentor $00 
Journal of Chemical Education 2.00 
$6.00 $5.00 
17 McCall’s $1.00 
Journal of Chemical Education 2.00 
$3.00 = $2.75 
18 Munsey’s Magazine $3.00 
Journal of Chemical Education 2.00 
$5.00 75 50 
19 Nature Magazine $3.00 “ ae 
Journal of Chemical Education 2.00 
$4.00 
20 Popular Science Monthly .50 
Journal of Chemical Education 2.00 
$4.25 
21 Red Book Magazine .50 
Journal of Chemical Education 2.00 
$3.75 
22 Review of Reviews .00 
Journal of Chemical Education 2.00 
F $6.00 $5.00 
23 Scientific American $4.00 
Journal of Chemical Education 2.00 
$6.00 $5.00 
24 Scribner’s $4.00 
Journal of Chemical Education 2.00 
00 .00 
25 Travel # 00 
Journal of Chemical Education 2.00 
00 .00 
26 Vanity Fair 5 $5 
Journal of Chemical Education 2.00 
$5.00 
27 Vogue 00 
Journal of Chemical Education 2.00 
$7.00 
28 Woman’s Home Companion 1.00 
Journal of Chemical Education 2.00 
00 50 
29 World’s Work 
Journal of Chemical Education 2.00 
ES $5.00 
30 Youth’s Companion .00 
Journal of Chemical Education 2.00 
.00 $3.75 
Journal of Chemical Education 

343 State St., Rochester, N. Y. 

Attached is my check of $.......... . .for offer No......... Kindly 
have subscriptions begin with the month of ..................000eeeeeees A 
issue. : 

Very truly yours, 


If already a subscriber to Journal of Chemical Education, subscription will be extended 
1 year beyond expiration date. 
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